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COMMUNICATION NODE APPARATUS,
COMMUNICATION SYSTEM, AND PATH
RESOURCE ASSIGNMENT METHOD

TECHNICAL FIELD

The present invention relates to a communication network
for establishing and operating paths using resources such as
wavelengths, optical fibers and the like based on GMPLS
(Generalized Mult1 Protocol Label Switching) and MPLS
(Multi Protocol Label Switching) and the like. More particu-
larly, the present invention relates to reduction of the amount
ol necessary resources for establishing a new path by reusing
resources ol an established path based on priority information
provided to the paths

BACKGROUND ART

As conventional technologies for realizing path operation,
there are MPLS (refer to non-patent document 1), GMPLS
(refer to non-patent document 2 or 3), and the like. Path
establishment function for these techniques, that 1s, signaling
techniques are realized by using RSVP-TE (Resource Reser-
vation Protocol for Trailic Engineering) which 1s a signaling
protocol (refer to non-patent document 3 or 4).

In the signaling technique such as the RSVP-TE, a numeric
value relating to path setup priority 1s provided to individual
paths, and a function 1s provided 1n which a path having high
priority reuses resources ol a path of low prionity.

In the standard specification of RSVP-TE, two values that
are holding priority and set-up priority are defined as priority
information of path establishment, and a function 1s provided
in which, when setup priority of a path to be newly established
1s higher than holding priority of an already established path,
reuse of resources occur, and the originally established path 1s
deleted.

There are following documents as related art documents,

|Non-patent document 1] IETEF REFC3031
|Non-patent document 2| IETEF RFEC3471
|Non-patent document 3| IETEF REC3473
|Non-patent document 4| IETEF REC3209
|Non-patent document 5| IETEF REC3630
|[Non-patent document 6] IETF RFC3292

[Patent document 1] Japanese Laid-Open Patent Applica-
tion No. 2005-269377

[Patent document 2] Japanese Laid-Open Patent Applica-
tion No. 2003-229902
[Patent document 3] Japanese Laid-Open Patent Applica-

tion No. 4-256246

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

In the conventional techniques, the value of the priority set
tor the path as a criterion for determining the order of resource
assignment when performing resource reuse 1s normally
determined based on long term operation policy or service
level accommodated 1n the path or the like.

However, there may be a case in which resource reuse
needs to be performed between same priority values for spe-
cific paths because the space of values assigned to priority
values 1s limited and because there are other circumstances on
operation policy of communication networks.

For example, when a path fails so that an alternative path 1s
to be established for the failed path, it may become necessary
to reuse only resources of a failed path without reusing
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resources of a path that 1s normally operated. This case cor-
responds to the above-mentioned case.

However, 1n the framework of the conventional techniques,
since a path from which resources are reused 1s determined
based on only the priornity values, a path for which resource
reuse 1s performed cannot be specified between paths having
the same priority. Thus, 1t may become necessary to newly
allocate resources.

FIG. 1 shows an example 1 1n which efficient resource
operation cannot be performed. As an example, FIG. 1 shows
a case for trying to establish a path 3 by reusing resources of
a link connecting between a node-2 and a node-3. In this
example, 1t1s assumed that the lower the value of “priority™ 1s,
the higher the degree of priority 1s, and that establishment of
the path 1 and the path 2 has completed before the path 3 1s
established, and the path 2 1s failed. In this case, when the path
3 tries to reuse resources between the node-2 and the node-3
for 1ts use, the path 3 determines resources to use based on
provided priority values, and reuses resources of the path 1
having low priority (the value 1s large) so as to establish a
path.

However, 1n this case, it 1s more eflicient to reuse resources
of the failed path 2 and assign the resources to the path 3 for
use by the path 3. But, there 1s no method to designate a failed
path to perform resource reuse 1n such a case. Therefore, in
order to avoid reuse of resources of the normal path 1 and to
avold service interruption, it becomes necessary to stop
execution of resource reuse and to newly prepare separate
resources. Thus, necessary amount of equipment increases.

In addition, FIG. 2 shows an example 2 in which efficient
resource operation cannot be performed. As shown 1n FIG. 2,
a case 1s considered 1 which failures occur at two points 1n a
communication network, and a detour path (backup path 1s
FIG. 2) 1s established for the working path that passes through
the failure section. In this example, values of priorities of the
working path and the detour path for failure are X and Y
respectively. In this case, since the route of the detour path
overlaps with the route of the working path, 1t 1s eflicient to
establish the detour path by re-using resources of normal
section of the working path since necessary resource amount
can be reduced.

However, for the reason of operation, 1f priority 1s deter-
mined such that X>=Y, the detour path cannot reuse the
normal section of the failed path, so that 1t becomes necessary
to prepare separate resources for the section that can be sub-
stantially reused.

Therefore, 1t becomes necessary to reserve new resources
by preparing equipment the amount of which 1s greater than
actually required resource amount. (This example assumes
operation policy in which settings are maintained even 1n
failure 1 order that a failed path 1s switched back after the
failure 1s eliminated. It 1s essential in actual operation to keep
equipment of the failed path for use after the failure 1s recov-
ered.)

In the above-example, when the amount of resources to be
newly kept increases, there occurs a problem 1n that the num-
ber of interfaces necessary for node apparatuses and the num-
ber of links 1ncreases, and that equipment cost increases. In
addition, amount of resource requests for path detouring nec-
essary when failure occurs increase. In addition, since the
number of paths that can be recovered decreases due to
detouring, reliability decreases.

Meaning of “resources” described here includes interfaces
of a communication node, wavelengths of an optical path,
slots 1n TDM, packet transfer bandwidths, CPU processing
time and the like, and includes scheduled use authority of
these 1n the future. In addition, meaning of “path” includes
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path of MPLS, TDM path, wavelength path of GMPLS, fiber
switching path, or path realized by combination of these.
The present invention 1s contrived under this background,
and an object of the present invention 1s to provide a technique
for decreasing a resource amount necessary for path opera-
tion and for decreasing an apparatus or equipment amount

necessary for path operation by realizing efficient path
resource reuse scheme.

Means for Solving the Problem

According to an embodiment of the present invention, a
communication node apparatus for establishing a path for
communication 1n a communication network by exchanging
a control message between the communication node appara-
tus and another communication node apparatus and by setting,
switching information, including: means configured to
include, 1nto a control message to be sent to the other com-
munication node for establishing a path, path identification
information or group 1dentification information of a path for
which reusing resources of the path to be established 1s per-
mitted or inhibited, or to include, mto the control message,
path i1dentification mformation or group identification infor-
mation of a path from which resources can be reused to the
path to be established, and to send the control message, 1s
provided.

In addition, according to an embodiment of the present
invention, a communication node apparatus for establishing a
path for communication in a communication network by
exchanging a control message between the communication
node apparatus and another communication node apparatus
and setting switching information, including: means config-
ured to recerve a control message from the other communi-
cation apparatus for establishing a path, and storing, 1nto a
resource reuse availability information table, path 1dentifica-
tion information or group 1dentification information of a path
for which reusing resources of the path to be established 1s
permitted or inhibited, or path identification information or
group 1dentification information of a path from which
resources can be reused to the path to be established, which
are 1ncluded 1n the control message; and means configured to
retrieve a path from which resources can be reused or to
retrieve a path belonging to a group from which resources can
be reused from paths set 1n the communication node appara-
tus, and to reuse and assign resources of the retrieved path as
resources for establishing a new path, and to establish the new
path, 1s provided.

In addition, according to an embodiment of the present
invention, a path resource assignment method 1n a communi-
cation system, including a plurality of communication node
apparatuses, for establishing a path for communication by
exchanging a message among the plurality of communication
node apparatuses, including: a step 1n which a first commu-
nication node apparatus sends path control information
including use right information of path resources to a second
communication node apparatus; and a step in which the sec-
ond communication node assigns path resources being
assigned to a group to another group based on the use right
information of the path resources, i1s provided. The use right
information of the path resources 1s resource reuse availabil-
ity information described in the embodiments, for example.

!

‘ect of the Invention

[T

According to the present invention, a technique for
decreasing a resource amount necessary for path operation
and for decreasing an apparatus or equipment amount neces-
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sary for path operation can be provided by realizing an eili-
cient path resource reuse scheme.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram for explaining an example 1 1n which
elficient resource operation cannot be performed;

FIG. 2 1s a diagram for explaining an example 1 1n which
elficient resource operation cannot be performed;

FIG. 3 1s a block diagram of a communication node appa-
ratus of the present embodiment;

FIG. 4 1s a diagram showing a communication network 1n
the present embodiment;

FIG. 5 1s a block diagram of a resource reuse availability
information issuing apparatus of the present embodiment;

FIG. 6 1s a connection diagram of resource reuse availabil-
ity information 1ssuing apparatus;

FIG. 7 1s a detailed block diagram of the communication
node apparatus of the present embodiment;

FIG. 8 1s a functional block diagram of the communication
node apparatus of the present embodiment;

FIG. 9 1s a diagram showing an example of resource reuse
availability data;

FIG. 10 1s a diagram showing a communication network of
a first embodiment for each function:

FIG. 11 1s a diagram showing an example of a communi-
cation network;

FIG. 12 1s a diagram showing a network example for per-
forming change of Priority value;

FIG. 13 1s a diagram showing control sequence when per-
forming resource reuse;

FIG. 14 1s a diagram showing a link configuration example;

FIG. 15 15 a diagram showing a part of reuse availability
information of node-4 1n the first embodiment;

FIG. 16 1s a diagram showing a part of reuse availability
information of node-4 1n the first embodiment;

FIG. 17 1s a diagram showing a part of reuse availability
information of node-4 1n the first embodiment;

FIG. 18 1s a diagram showing a part of reuse availability
information of node-4 1n the first embodiment;

FIG. 19 1s a diagram showing a part of reuse availability
information of node-4 1n the first embodiment;

FIG. 20 1s a diagram showing a part of reuse availability
information of node-4 1n the second embodiment:

FIG. 21 1s a diagram showing a part of reuse availability
information of node-4 1n the second embodiment;

FIG. 22 15 a diagram showing a part of reuse availability
information of node-4 in the second embodiment;

FIG. 23 15 a diagram showing a part of reuse availability
information of node-4 in the second embodiment;

FIG. 24 1s a diagram showing a part of reuse availability
information of node-4 in the second embodiment;

FIG. 25 1s a diagram showing a part of reuse availability
information of node-4 in the second embodiment;

FIG. 26 1s a diagram showing a part of reuse availability
information of node-4 1n the third embodiment;

FIG. 27 1s a diagram showing a part of reuse availability
information of node-4 1n the third embodiment;

FIG. 28 15 a diagram showing a part of reuse availability
information of node-4 1n the third embodiment;

FIG. 29 15 a diagram showing a part of reuse availability
information of node-4 in the third embodiment;

FIG. 30 1s a diagram showing control sequence when
changing settings;

FIG. 31 1s a diagram showing a part of reuse availability
information of node-4 in the fourth embodiment:
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FI1G. 32 1s adiagram showing path ID and group ID of reuse
subject for path 2 stored in resource information data 75;

FIG. 33 1s a diagram showing a part of reuse availability
information of node-4 1n the fourth embodiment:;

FI1G. 34 15 a diagram showing path ID and group ID of reuse
subject for path 2 stored 1n resource information data 75;

FIG. 35 1s a diagram showing setting change sequence
triggered by resource reuse;

FIG. 36 15 a diagram showing an example of a communi-
cation network including a working path and a backup path;

FIG. 37 1s a diagram showing an example of sequence
triggered by failure;

FIG. 38 1s a diagram showing a sequence of path establish-
ment processing accompanied by resource reuse or dissolu-
tion triggered by setting change;

FIG. 39 15 a diagram showing a part of reuse availability
information of node-4 1n the seventh embodiment;

FIG. 40 1s a diagram showing a part of reuse availability
information of node-4 1n the seventh embodiment;

FIG. 41 1s a diagram showing a part of reuse availability
information of node-4 1n the seventh embodiment;

FIG. 42 1s a diagram showing a part of reuse availability
information of node-4 1n the seventh embodiment;

FIG. 43 1s a diagram showing a part of reuse availability
information of node-4 1n the seventh embodiment;

FI1G. 44 1s a diagram showing a link configuration example;

FI1G. 45 1s a diagram showing information advertised by the
node-1 in the eighth embodiment;

FI1G. 46 1s a diagram showing information advertised by the
node-1 in the eighth embodiment;

FI1G. 47 1s a diagram showing detour path setting example;

FI1G. 48 15 a diagram showing a sequence of failure recov-
ery processing example accompanied by resource reuse;

FI1G. 49 1s a diagram showing resource information data of
the node-5 1n the ninth embodiment;

FI1G. 50 1s a diagram showing route calculation topology;

FI1G. 51 1s a diagram showing resource information data of
the node-5 1n the ninth embodiment;

FI1G. 52 1s a diagram showing resource information data of
the node-5 1n the ninth embodiment;

FI1G. 53 1s a diagram showing a sequence of resource reuse
subject change example;

FIG. 54 1s a diagram showing a part of reuse availability
information of node-4 1n the tenth embodiment;

FIG. 585 1s a diagram showing a part of reuse availability
information of node-4 1n the tenth embodiment;

FIG. 56 1s a diagram showing a part of reuse availability
information of node-4 1n the tenth embodiment;

FIG. 57 1s a function block configuration diagram of the
centralized management apparatus;

FI1G. 58 1s a diagram showing a communication apparatus
including the centralized management apparatus;

FIG. 589 1s a diagram showing a sequence of path control
processing by the centralized management apparatus;

FIG. 60 1s a diagram for explaining a resource availability
information 1ssuing example using the resource reuse avail-
ability 1ssuing apparatus;

FIG. 61 1s a diagram showing information stored in the
issue 1dentification information database 92 in the twelith
embodiment;

FIG. 62 1s a diagram showing information stored in the
resource reuse policy database 91 1n the twelith embodiment;

FIG. 63 15 a diagram showing an example of the commu-
nication network in which control link of a backup path fails;

FI1G. 64 15 a diagram showing an example of the commu-
nication network in which resource exhaustion of a backup
path occurs;
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FIG. 65 1s a diagram showing an example of a communi-
cation network;

FIG. 66 1s a diagram showing a communication network;

FIG. 67 1s a diagram showing an example of a communi-
cation network;

FIG. 68 1s a diagram showing an example of a communi-
cation network;

FIG. 69 1s a diagram showing an example of a communi-
cation network; and

FIG. 70 1s a diagram showing an example of a communi-
cation network.

DESCRIPTION OF REFERENCE SIGNS

20, 50 adjacent apparatus control IF

21, 51 data sending IF

22, 52 data reception IF

23, 80 command nput means

24, 54 switching HW

25 switching HW control function unit

26, 56 SW management IF

277, 82 signaling means

28, 83 route information processing means
29, 84 storing means

30, 85 resource management means

40 1ssue 1dentification information database
41 resource reuse policy database

42 reuse availability information determination function
43 send and receive IF

55 switching HW control computer

57 optical cross connect switch

38 IP router

60 hard disk

61 main memory

62 CPU

63 command mput IF apparatus

70 RSVP-TE protocol function unit

71 resource management function unit

72 OSPF-TE protocol function unit

73 CSPF module

74 GSMP protocol function unit

75 resource information table

76 route information data

77 CLI

81 node apparatus control IF

90 user information database

91 resource reuse policy database

92 1ssue 1dentification information database
100 user communication node

101 resource reuse availability information 1ssuing apparatus
102, 103 communication node apparatus
200 centralized management apparatus

PREFERRED EMBODIMENTS FOR CARRYING
OUT THE INVENTION

Belore describing embodiments of the present invention in
detail, outline of embodiments of the present imnvention 1s
described.

According to an embodiment of the present invention, a
communication node apparatus that 1s provided in a commu-
nication network for operating paths using wavelengths,
fibers and the like as resources by using GMPLS and MPLS
and the like 1s provided. The communication node apparatus
1s able to utilize path 1dentification information and resource
information 1included in control messages, to perform
resource management 1 which path information and




US 7,961,644 B2

7

resource information such as wavelengths or fibers are asso-
ciated with each other 1n each communication node appara-
tus, and to perform operation by flexibly reusing resources
among paths. In addition, resource reuse described 1n
embodiments of the present invention includes preemption
tfunction defined in RSVP-TE and the like 1n its category.

In an embodiment of the present invention, by sending a
control message used for path establishment and mainte-
nance/management over a path after including, into the con-
trol message, 1dentification information such as path ID and
group 1D of a path (reuse subject) from which resources are to
be reused, reuse subject can be determined not only by deter-
mination from priority but also 1n units of identifiers by des-
1gnating i1dentifiers such as the path ID and group ID.

Betore performing path establishment, 1identifier of a path
to which reuse of resources 1s permitted or inhibited 1s deter-
mined beforehand, and a path 1s established by including the
determined identification information in the control message.
The node in which the path has been established can deter-
mines reuse availability of a path based on the identification
information in the control message, and can determine reuse
subject 1n units of path 1dentifies.

When an event such as failure occurrence, or occurrence or
cancellation of resource reuse occurs, priority change pro-
cessing for the path 1s executed in which the priority 1s
changed such that resource reuse can be performed most
cificiently.

That 1s, the communication node apparatus of an embodi-
ment of the present invention 1s a communication node appa-
ratus for establishing a path for communication 1n a commu-
nication network by exchanging a control message between
the communication node apparatus and another communica-
tion node apparatus and by setting switching information.

According to an embodiment of the present invention, the
communication apparatus includes:

means configured to include, 1nto a control message to be
sent to the other communication node for establishing a path,
path identification mnformation or group i1dentification nfor-
mation of a path for which reusing resources of the path to be
established 1s permitted or inhibited, or to include, nto the
control message, path identification information or group
identification information of a path from which resources can
be reused to the path to be established, and to send the control
message.

Accordingly, an 1nstruction for performing resource reuse
can be provided to an adjacent node.

By doing this, 1t becomes possible to perform resource
reuse 1n units o path identification information of other paths,
thus, resources of the communication network can be used
cificiently. In using resources, it 1s possible to provide
resource use authority only to a specific path group. Thus,
resource management of a communication network can be
performed more tlexibly.

The communication node apparatus may be provided with
means configured to include, into the control message for
changing information on a path, i addition to the path 1den-
tification information of the path, path identification or group
identification information of a new path for which reusing
resources assigned to the path 1s permitted or inhibited, or
include new group identification information of the path 1n
addition to the path 1dentification information of the path, or
include new priority information of the path in addition to the
path identification information of the path, and to send the
control message.

Accordingly, mapping relationship between paths and
resources can be flexibly managed, so that flexible resource
management for the communication network becomes pos-
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sible. For example, 1t becomes possible to flexibly change
superiority/inferiority relationship of resource use authority
on path resource assignment and reuse.

The communication node apparatus may include: means
configured to detect occurrence or dissolution state of
resource reuse of an established path or means configured to
detect failure occurrence or failure elimination state for the
established path; and means configured, being triggered by
detection of occurrence or dissolution of resource reuse of the
established path or detection of failure occurrence or elimi-
nation of the established path, to change priority information
of the path set in the communication node apparatus, and
include changed priority information of the path, 1n addition
to path 1dentification information of the path, mto the control
message to be transmitted to the other communication node
apparatus, and to send the control message.

Accordingly, path priority information can be changed
speedily according to circumstances so that communication
network resources can be used efliciently.

In addition, according to an embodiment of the present
invention, a communication node apparatus for establishing a
path for communication in a communication network by
exchanging a control message between the communication
node apparatus and another communication node apparatus
and setting switching imnformation 1s provided. The commu-
nication node apparatus includes: means configured to
receive a control message from the other communication
apparatus for establishing a path, and storing, into a resource
reuse availability information table, path 1identification infor-
mation or group 1dentification information of a path for which
reusing resources of the path to be established 1s permitted or
inhibited, or path identification information or group 1denti-
fication imnformation of a path from which resources can be
reused for the path to be established, which are included 1n the
control message; and means configured to retrieve a path
from which resources can be reused or to retrieve a path
belonging to a group from which resources can be reused
from paths set 1n the communication node apparatus, and to
reuse and assign resources of the retrieved path as resources
for establishing a new path, and to establish the new path.

Thus, 1t becomes possible to refer to availability informa-
tion of resource reuse, so that resource reuse for only a par-
ticular path can be performed. For example, it becomes pos-
sible to reuse resources of a particular path to use the
resources for establishing a new path.

The communication node apparatus may include means
coniigured to rewrite information 1n the resource reuse avail-
ability information table based on information included in the
control message for changing information on the path,
wherein the information included in the control message for
changing the information on the path includes, 1n addition to
the path 1dentification information of the path, path 1dentifi-
cation or group 1dentification information of a new path for
which reusing resources assigned to the path 1s permitted or
inhibited, new group identification information of the path, or
new priority information of the path.

Accordingly, mapping relationship between paths and
resources can be flexibly managed, so that flexible resource
management for the communication network becomes pos-
sible. For example, resource information and use authority of
the resources can be stored and managed. Or, 1t becomes
possible to tlexible change superiority/inferiority relation-
ship of resource use authority on path resource assignment
and reuse.

The communication node apparatus may include means
configured to, when resource reuse occurs, send path 1denti-
fication information of a path from which resources have been
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reused and send mformation on a path including path identi-
fication information of the path that has reused the resources
for i1ts use to a communication node apparatus that 1s a start
point of the path from which resources have been reused or to
a monitoring apparatus.

Thus, each node apparatus 1n the communication network
can ascertain resource reuse states of other nodes for each
path.

When reuse of resources occurs, the communication node
apparatus holds switching information set for configuring a
path from which the resources have been reused, and the
communication node apparatus may include means config-
ured to, when detecting dissolution of reuse state of the path
from which the resources have been reused, identifies another
communication node apparatus on a route of the path from
which the resources have been reused based on the held
switching information so as to send the control message to the
other communication node apparatus for notifying the other
communication node apparatus of dissolution of reuse state.

By this configuration, 1t becomes possible to store setting
information of switching hardware on the path in the com-
munication node apparatus when the path 1s temporarily
deleted. Thus, processing load for recovering the path 1is
reduced so that speedy processing 1s possible. In addition, 1t
becomes possible to assign the same resource as the resource
assigned before path deletion, so that it becomes possible to
use resources of the communication network tlexibly and to
perform simple operation. For example, 1t becomes possible
to detect dissolution (cancellation) of resource reuse state,
and to use resources for which reuse sate has been dissolved
quickly, so that efficient use of the communication network
resources becomes possible. Or, 1t becomes possible to
quickly re-use resources for which resource reuse has been
dissolved.

When reuse of resources occurs, the communication node
apparatus holds setting information of a path from which the
resources have been reused, and the communication node
apparatus may include means configured to, when recerving a
control message reporting dissolution of reuse state of the
path from which the resources have been reused, send a
control message including the held setting information of the
path to the other communication node in order to re-assign the
resources to the path before the resources are reused.

Accordingly, it becomes possible to reuse resources for
which resource reuse has been dissolved quickly.

In addition, according to an embodiment of the present
invention, a communication system comprising a resource
reuse availability information 1ssuing apparatus, and a com-
munication node apparatus having communication means
configured to communicate with the resource reuse availabil-
ity information 1ssuing apparatus, the communication node
apparatus comprising means configured to, when receiving a
path establishment request from a user, inquire the resource
reuse availability information 1ssuing apparatus about 1den-
tification i1nformation of the path to be established and
resource reuse availability information of the path, and to
establish the path based on the result of the inquiry, the
resource reuse availability information 1ssuing apparatus
comprising means configured to determine the 1dentification
information of the path and resource reuse availability infor-
mation of the path based on user information received from
the communication node apparatus and notily the communi-
cation node apparatus of them, 1s provided.

Thus, 1t becomes possible to automatically 1ssue resource
reuse availability based on the user connected to the commu-
nication network, so that 1t becomes possible to perform
quick processing with low load.
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In addition, according to an embodiment of the present
invention, a communication node apparatus for establishing a
path for communication in a communication network by
exchanging a control message between the communication
node apparatus and another communication node apparatus,
advertising resource information of the communication node
apparatus to the other communication node apparatus and
setting switching information 1s provided. The communica-
tion node apparatus 1s a communication node apparatus
including: means configured to manage resource amount for
cach of path identification information and group 1dentifica-
tion information for resources assigned to paths; and means
configured to, when advertising information of the resource
amount managed by the means configured to manage using a
routing protocol, add ID information and group ID informa-
tion of a path to which the resources are assigned and 1denti-
fication information of a path or a group that can use or cannot
use the resources or either of these to the mformation of the
resource amount to be advertised, and to include the informa-
tion 1nto a control message or a resource advertising message
of the routing protocol so as to advertise information of
resources.

Accordingly, each node apparatus 1in the communication
network can ascertain resource use states of other nodes for
cach path. Thus, when performing resource reuse, efficient
and flexible use of network resources become possible.

The communication node apparatus may iclude route cal-
culation means configured to calculate a route of a detour path
when a path fails, wherein the route calculation means can
perform route calculation by using, as a parameter, necessary
resource reduction effect obtained by resource reuse of a
normal section of the failed path.

By this configuration, 1t becomes possible to calculate the
route for performing resource reuse most elficiently, thus,
more necessary resource reduction effects arise.

As the communication node apparatus of an embodiment,
a working path and a backup path are provided, and the
communication node apparatus may include: switch control
means configured to, when the working path fails while the
working path 1s 1n operation, switch the working path to the
backup path; and means configured to notity the switch con-
trol means of failure occurrence or failure elimination of a
control link on the backup path used when the working path
fails while the working path 1s 1n operation or to notity the
switch control means of exhaustion occurrence or exhaustion
climination of resources of the backup path.

When detecting failure occurrence of the control link on
the backup path based on notification information of the
means configured to notily, the switch control means can
inhibit switching to the backup path even when the working
path fails.

By this configuration, since switching to an unusable
backup path can be prohibited, useless switching operation to
backup path can be avoided, so that etficient resource opera-
tion becomes possible.

In addition, 1t 1s possible to provide a program for realizing,
cach means of the above mentioned communication node
apparatus by using information processing means in the coms-
munication node apparatus. By being resounded 1n recording
medium, the program can be installed from the recording
medium to the communication node apparatus. Or, the pro-
gram can be directly installed 1in the communication node
apparatus from a server storing the program via a network.

The program not only includes a program that can be
directly executed by the information processing means of the
communication node apparatus, but also includes a program
that can be executed by being installed 1n a hard disk and the
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like. In addition, the program includes a compressed pro-
gram, and an encrypted program.

Next, FIG. 3 shows a principle block diagram of the node
ol an embodiment of the present invention.

The communication node apparatus of an embodiment of
the present invention 1s a communication apparatus for real-
1zing path establishment or path switching, and includes adja-
cent apparatus control IFs (InterFace) 20 for sending and
receiving control messages to/from adjacent nodes and a
management server, data sending IFs 21 for sending data to
adjacent nodes, data reception IFs 22 for receiving data from
adjacent nodes, command input means 23 configured to
receive settings from an operator, a switching HW (Hard-
ware) 24 that 1s hardware 1n which paths are set, a switching,
HW control function unit 235 in which control function of the
switching HW 23 i1s installed, and SW (Switching) manage-
ment IFs 26 that are IFs of the switching HW 24 and the
switching HW control function umt 25.

The switching HW control function unit 235 includes sig-
naling means 27 configured to cause a signaling protocol to
operate and to manage signaling sessions and switching state,
route information processing means 28 configured to cause
routing protocol and route calculation function to operate so
as to perform route calculation, exchange and advertisement
of route information, and storage means configured to store
resource information, route information and information of
established paths, and resource management means 30 con-
figured to manage resource availability state and the like.

In addition, as shown 1n FIG. 4, a communication network
1s configured by connecting between adjacent apparatus con-
trol IFs 20 of the communication apparatuses having the
above-mentioned configuration using a cable for transferring
control messages (dotted line), and connecting between the
data sending IF 21 and the data reception IF 22 using a cable
for transierring data (solid line) so as to interconnect the
communication node apparatuses. In addition, by exchanging
control messages by the adjacent apparatus control IF 20,
path establishment 1s performed for the switching HW 24. In
addition, the switching HW control function unmit 25 manages
resource information and path information, and manages
assigned resources according to information of control mas-
sages that include information on resource reuse, so that
elficient and speedy resource utilization for the communica-
tion apparatus can be realized.

FIG. 5 shows outline of a resource reuse availability infor-
mation 1ssuing apparatus. The resource reuse availability
information 1ssuing apparatus includes an 1ssue 1dentification
information database 40 that stores information of users con-
necting to the communication network and path identification
information that can be 1ssued for path establishment request
of the users, a resource reuse policy database 41 that stores
resource reuse policy between users, a reuse availability
information determination function 42 for determining reuse
availability imnformation to be 1ssued for path establishment
requested by the user by referring to information stored in the
1ssue 1dentification mnformation database 40 and the resource
reuse policy database 41, and a send and recerve IF 43 for
sending reuse availability imnformation issued by the reuse
availability information determination function 42 to other
nodes.

In addition, by connecting the resource reuse availability
information issuing apparatus shown 1n FIG. 5 to communi-
cation node apparatuses 102 and 103 as shown 1n FIG. 6, the
resource reuse availability information 1ssuing apparatus 101
can provide the communication node apparatuses 102 and
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103 with data on resource reuse policy to be mnclude in the
control message between the communication node appara-

tuses 102 and 103.

In the following, embodiments of the present invention are
described.

FIG. 7 shows a configuration of a communication node
apparatus 1n an embodiment of the present imnvention. The
communication node apparatus includes an optical cross con-
nect switch 57 included 1n a switching HW 54 for realizing
cross connection of wavelength paths, data reception IFs 52
for recerving light of wavelength paths, data transmission IFs
51 for transmitting light of wavelength paths, a switching HW
control computer 35 for installing software for controlling
SW, SW management IFs 56 that are IFs for the optical cross
connect switch 57 and the switching HW control computer
55, and adjacent apparatus control IFs 50 for sending and
receiving control messages to/from adjacent nodes.

In addition, WDM links that are media for sending multi-
plexed wavelength paths are connected to the communication
node apparatus. The switching HW control computer 55
includes a hard disc 60 and a main memory 61 that are storage
means, a CPU 62 for performing necessary computation such
as route calculation and data processing, and a command
input IF apparatus 63 such as a keyboard that 1s an interface
for command input by an operator.

FIG. 8 shows an example of a functional block configura-
tion of the communication node apparatus of the present
embodiment. In the present embodiment, RSVP-TE to which
proprietary extension 1s added for the embodiment of the
present invention 1s adopted as signaling means, and OSPF-
TE (Open Shortest Path First for Trailic Engineering) (refer to
non-patent document 4, for example) to which proprietary
extension 1s added 1s adopted as a function of route processing
means.

The RSVP-TE protocol function umt 70 1s a function unit
for performing generation and processes of control messages
necessary for realizing signaling means, and the RSVP-TE
protocol function unit 70 performs management of path ses-
sion by exchanging path information between nodes for
established paths.

The resource management function unit 71 1s a function
unit for referring to the resource information data 75 to deter-
mine resources to be assigned based on resource reuse avail-
ability information when performing path establishment pro-
cessing by the RSVP-TE protocol function umit 70. In
addition, the resource management function unit 71 has func-
tions for cooperating with the RSVP-TE protocol function
umt 70 to update resource reuse availability information
stored 1n the resource mformation data 75 when a path 1s
established, and performing detection of occurrence and dis-
solution of resource reuse state, and notifying the RSVP-TE
protocol function umit 70 of the result of detection.

The OSPF-TE protocol function unit 72 1s a function unit
for realizing a function for receiving a control message from
an adjacent node and generating the route information data
76, and a function for advertising resource information of the
own node to adjacent nodes by including the resource infor-
mation into a control message.

The CSPF (Constrained Shortest Path First) module 73 1s a
module for calculating route information of a path used by the
signaling means by using the route information data 76.
Route computation processing means 1s realized by coopera-
tion between the OSPF-TE function unit 72 and the CSPF
module 73, and the route computation processing means can
receive a route computation request from the RSVP-TE pro-
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tocol Tunction unit 70, calculate a route satisiying required
conditions and return the route to the RSVP-TE protocol
function unit 70.

The GSMP (General Switch Management Protocol) (refer
to non-patent document 6, for example) protocol function
unit 74 1s a protocol function unit for realizing exchange of
control information relating to switching.

In addition, resource information data 75 and route infor-
mation data 76 exist, and each module can refer to the data.
The resource information data 75 has link information pro-
vided 1n the switching HW 54 and resource information cor-
responding to the link information, and stores an available
resource amount and an 1n-use resource amount for each path.
In addition, priority information of the resources and resource
reuse availability information are stored.

FIG. 9 shows an example of resource priority information
and resource reuse availability information included in the
resource mformation data 75. The resource reuse availability
information has a data structure by which following 1items can
be retrieved using an link 1D as a key.

Link ID (plural available)

Resource ID (plural available)

In-use path ID (plural available)
In-use path group ID (plural available)

Reuse available path ID (plural available)

Reuse available group ID (plural available)

Reuse 1nhibited path ID (plural available)

Reuse 1nhibited group ID (plural available)

Presence or absence of occurrence of reuse

Reused path ID (plural available)

Reused group ID (plural available)

Set up priority (plural available)

Holding priority (plural available)

The route information data 76 stores link information of
other nodes collected via the OSPF-TE protocol function unit
72.

In addition, the communication node apparatus includes a
CLI (Call-Level Interface) 77 that 1s an interface for com-
mand mput and for information reference by an operator.

Physical setting information of the optical cross-connect
switch 57 1s reported to the switching HW control computer
535 via the SW management IF 56. In addition, generation and
change of settings of the optical cross-connect switch 57 are
performed by a control message from the switching HW
control computer 55.

FIG. 10 shows a communication network configured by
optical cross-connect switches. The adjacent apparatus con-
trol IF 50 of the switching HW control computer 335 of each
communication node apparatus 1s connected to another IF50
via an Ethernet cable (shown as dotted line), and light that 1s
transmitted from an IF of the optical cross-connect switch 57
1s transmitted by using an optical fiber (solid line), as a
medium, connected to the optical cross-connect switch 57. In
addition, a plurality of wavelengths are multiplexed in the
optical fiber. In this example, the communication network 1s
assumed to be operated by establishing wavelength paths, the
number of wavelength channels included 1n a link between
communication node apparatuses corresponds to an amount
of resources of the communication network.

First Embodiment

This embodiment describes an operation example for per-
forming resource reuse of resources by specitying an ID of a
specific path, and describes an operation example for detect-
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ing resource release, notitying a start point node of 1t, and
returning the state of the path back to the state before occur-
rence of reuse.

FIG. 11 shows a communication network of the first
embodiment. FIG. 12 shows a network example 1n which a
priority value 1s changed. FIG. 13 shows control message
sequence outline 1n a case when a path 1 (node-1—=node-
4—node-5—node-6), a path 2 (node-1—=node-4—node-5),
and a path 3 (node-7—node-4—node-5—node-8) are estab-
lished as shown in FIG. 12 1n the communication network
shown 1n FIG. 11, and operation for resource reuse 1s per-
formed using the configuration of the present embodiment.

In the following, as to control information in descriptions
for each embodiment, only parts essential for describing the
embodiment of the present mvention are described, and
description of control information used only for realizing
conventional technology such as basic functions of path
operation are not provided.

In this embodiment, before establishing the path 3, the path
1 and the path 2 are established, and then, the path 3 1s
established by reusing resources of the path 1. FIG. 14 shows
a link configuration example of the first embodiment. As
shown 1 FIG. 14, resources (wavelengths) of two wave-
lengths that are a wavelength 1 and a wavelength 2 are pre-
pared between the node-4 and the node-5 where reuse of
resources occurs.

As shown 1n FIG. 13, a control message 1s transmitted for
establishing the path 1 along the route of node-1—=node-
4—node-5—node-6 (step 1). The control message of the path
1 includes following control information.

-Contents of Path 1 Establishment Control Message-

Path ID: 1

Group ID: 100

ID of path for which reuse 1s permaitted: 3

ID of group for which reuse 1s permitted: not designated
ID of reuse subject path: not designated

ID of reuse subject group: not designated

Resources are assigned 1n node-1—node-4—node-
5—node-6 and the resource information data 75 1s updated. In
this process, wavelength resources between the node-4 and
the node-5 are retrieved from among available wavelengths
by the resource management function unit 71 in the commu-
nication node apparatus. As a result, a wavelength 1 1s
assigned. FIG. 15 shows (a part of) reuse availability infor-
mation 1n node-4.

A control message for establishing the path 2 along the
route ol node-1—=node-4—node-5 1s transmitted (step 2) so
that the path 2 1s established. The control message of the path
2 includes the following control information.

-Contents of Path 2 Establishment Control Message-

Path ID: 2

Group 1D: 200
ID of path for which reuse 1s permaitted: 3
ID of group for which reuse 1s permitted: not designated
ID of reuse subject path: not designated
ID of reuse subject group: not designated
Resources are assigned 1n node-1—=node-4—node-3 and the
resource information data 75 1s updated. In this process,
wavelength resources between the node-4 and the node-5 are
retrieved from among available wavelengths by the resource
management function unit 71 1 the communication node
apparatus. As a result, a wavelength 2 1s assigned. FIG. 16
shows (a part of) reuse availability information 1n node-4.

Based on command 1nput from the CLI 77 and a control
message from other communication node apparatus, a setting
condition of the path 3 1s set such that resources of the path 1
are reused.
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A control message for establishing the path 3 over the route
of node-7—node-4—node-5—node-8 1s transmitted (step 3)
so that the path 3 1s established. The control message of the
path 3 includes the following control information.

-Contents of Path 3 Establishment Control Message-

Path ID: 3

Group 1D: 300
ID of path for which reuse 1s permitted: not designated
ID of group for which reuse 1s permitted: not designated
ID of reuse subject path: 1
ID of reuse subject group: not designated
In the communication node apparatus that received the
establishment control message of the path 3, the resource
management function unit 71 refers to the resource informa-
tion data 75 to retrieve a wavelength assigned to the path
designated by the path ID of the reuse subject. In the node-4,
as a result of retrieve process, a resource assigned to the path

1 having the path ID 1 1s found 1n wavelengths existing 1n the
downstream side link (link ID 45) of the node-4, that 1s, t

he
wavelength 1 1s found.

Then, reuse availability information in the resource nfor-
mation data 75 1s referred to and 1t 1s checked whether 1D 3
that 1s an ID of the path 3 1s included 1n path I1Ds for which
reuse of wavelength 1 1s permitted. Since the ID 3 1s included
in the path IDs for which reuse of wavelength 1 1s permatted,
the wavelength 1 1s reused as the resource of the path 3 so that
the wavelength 1 1s assigned to the path 3.

Also 1n the node-5, as a result of similar retrieve process-
ing, a resource assigned to the path 1 having the path ID 1 1s
found 1 wavelengths existing 1n the upstream side link (link
ID 45) of the node-5, that 1s, the wavelength 1 1s found. The
wavelength 1 1s reused as resources for the path 3 and
assigned to the path 3.

After the resources are assigned, resource information data
75 1s updated 1n each communication node apparatus of node-
7—node-4—node-5—node-8. The reuse availability infor-
mation (a part of 1t) of the node-4 becomes as shown in FIG.
17. In the node-4, even after the wavelength 1 that was a
resource for the path 1 1s reused as a resource for the path 3,
information indicating that the resource that was originally
used by the path 1 1s reused 1s recorded 1n resource informa-
tion data 75 by the resource management function unit 71.

The node-4 1n which resource reuse for the path occurred
sends information, as a control message, such as path, link 1D
and wavelength ID and the like for which reuse occurs to the
node 1 that 1s an Ingress node (start point node) of the path 1
that was reused (step 4). The resource reuse occurrence noti-
fication message includes following control information.
-Contents of Resource Reuse Occurrence Notification Mes-
sage-

Communication node apparatus 1n which reuse occurred:

node-4

ID of link in which reuse occurred: link 45

ID of path 1n which reuse occurred: 1

Reused resource: wavelength 1

ID of path to which resource was passed: path 3

ID of group to which resource was passed: group 300.
The node-1 that recetved the resource reuse occurrence noti-
fication stores contents included 1n the resource reuse occur-
rence notification message by the resource management func-
tion unit 71. In the process of storing, the path ID of the path
1 1s associated with combination of node ID, link ID and
wavelength ID for which reuse occurred, and the contents are
stored such that the ID of the path 1 for which reuse occurred
can be retrieved using the combination of the node ID, link ID
and wavelength ID for which reuse occurred or using any of
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these as a key. In addition, by receiving the notification, the
path 1 1s set to be 1n a non-operation state, and transmission of

data 1s stopped.

On the route of the path 1 that gave the resource to another
path by resource reuse, an establishment check message (re-
fresh message) 1s exchanged for checking setting information
before occurrence of reuse (step 5). In addition, by the mes-
sage, communication node apparatuses of the path 1 store and
maintain path setting information such as the path ID of the
path 1, and path or group 1D that permits or prohibaits reuse.

A control message for deleting the path 3 1s transmitted
over the route of node-7—=node-4—=node-5—=node-8 (step 6)
so as to delete the path 3. When the path 3 1s deleted, the
wavelength 1 that 1s the resource between the node-4 and the
node-3 1s released.

The resource of the path 3 1s released 1n node-7—node-
4—node-5—node-8, and the resource information data 75 1s
updated. Reuse availability information (a part of 1t) 1n the
node-4 becomes as shown 1n FIG. 18.

In node-4, the resource management function unit 71
detects that the wavelength 1 1s released, then, the node-4
specifies the node 1 as a start point node of the path 1 that was
assigned before being reused based on switching information
stored before reuse occurred, and sends a control message to
the node-1 notifying the node-1 of dissolution of resource
reuse state (step 7). The resource reuse dissolution notifica-
tion message mcludes the following control information.
-Contents of Resource Reuse Dissolution Notification Mes-
sage-

Communication node apparatus where reuse release

occurred: node-4

ID of link 1n which reuse was dissolved: link 45

ID of path 1n which reuse was dissolved: path 1

Reuse dissolved resource: wavelength 1

ID of path that used resource before dissolution occur-

rence: path 3
ID of group that used resource before dissolution occur-
rence: Group 300
The node-1 that received the resource reuse dissolution mes-
sage sends a re-establishment message over node-1—=node-
4—node-5—node-6 on the route of the path 1 for re-estab-
lishing the path 1 that 1s 1n a non-operation state due to
resource reuse based on the contents of the recerved control
message (step 8), so as to start processing for re-establish-
ment 1nto operation state for the path 1.

The wavelength 1 1s assigned to the path 1 1n the section
between the node-4 and the node-5 1n order to set the path 1
into an operation state again. Then, resource information data
75 1s updated 1n node-1—node-4—node-5—node-6 on the
route of the path 1. Reuse availability information (a part) in
the node-4 at this time 1s shown 1n FIG. 19.

In the present embodiment, a path where resources are
reused may be either a working path or a backup path.

Second Embodiment

The present embodiment gives a path establishment
example for establishing a path by performing resource reuse
by specitying a group ID of a specific path in which resource
reuse 1s performed from a path belonging to the specified
group, and gives an operation example for detecting resource
release, notilying the start point node, and switching back the
state of the path to a state before reuse occurrence.

In the first embodiment, operation for specifying imdivis-
ible paths 1s possible. On the other hand, in the present
embodiment, operation for specitying a group of paths 1s
possible. For both embodiments, although there 1s a similar
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eifect 1n that operability 1s improved, which 1s more appli-
cable and which provides greater effect depend on the status
of the communication network. Thus, it leads to improvement
of operability to prepare both of the first embodiment and the
second embodiment so as to diversity designation methods.

AstopathID, asame value1s used from path establishment
until deleting the path. On the other hand, group ID 1s flux.
Thus, the method for specitying the group ID 1s more useful
in the case where operation policy 1s changed fluidly.

Control message sequence outline 1s described with refer-
ence to FIG. 13 1n a case in which path 1 (node-1—node-
4—node-5—node-6), path 2 (node-1-—=node-4—node-5),
and path 3 (node-7—node-4—=node-5—mode-8) are estab-
lished as shown in FIG. 12 in a communication network
shown in FIG. 11, and operation for performing resource
reuse 1s performed using the configuration of the embodiment
of the present invention.

In this embodiment, before establishing the path 3, the path
1 and the path 2 are established, and then, the path 3 1s
established by reusing resources from the path 1. As shown 1n
FIG. 14, resources (wavelengths) of wavelength 1 and wave-
length 2 are prepared between the node-4 and the node-3
where reuse of resources occurs.

A control message 1s transmitted for establishing the path 1
along the route of node-1—=node-4—node-5—node-6 (step
1). In the present embodiment, the control message of the path
1 includes following control information.

-Contents of Path 1 Establishment Control Message-

Path ID: 1

Group 1D: 100
ID of path for which reuse 1s permitted: not designated
ID of group for which reuse 1s permitted: 300
ID of reuse subject path: not designated
ID of reuse subject group: not designated

Resources are assigned 1n node-1—node-4—node-

5—node-6 and the resource information data 735 1is
updated. In this process, wavelength resources between
the node-4 and the node-5 are retrieved from among
available wavelengths by the resource management
function unit 71 in the communication node apparatus.
As aresult, the wavelength 1 1s assigned. FIG. 20 shows
(a part of) reuse availability information in node-4.

A control message for establishing the path 2 along the
route of node-1—=node-4—node-5 1s transmitted (step 2) so
that the path 2 1s established. The control message of the path
2 includes the following control information.

-Contents of Path 2 Establishment Control Message-

Path ID: 2

Group 1D: 200
ID of path for which reuse 1s permitted: not designated
ID of group for which reuse 1s permitted: 300
ID of reuse subject path: not designated
ID of reuse subject group: not designated
Resources are assigned 1n node-1—=node-4—node-3 and the
resource information data 75 1s updated. In this process,
wavelength resources between the node-4 and the node-5 are
retrieved from among available wavelengths by the resource
management function unit 71 1 the communication node
apparatus. As a result, the wavelength 2 1s assigned. FI1G. 21
shows (a part of) reuse availability information 1n node-4.

Based on command input from the CLI 77 and a control
message from other communication node apparatus, a setting,
condition for the path 3 1s set such that the path 3 reuses
resources from path 1.

A control message for establishing the path 3 along the
route of node-7—4node-4—node-5—node-8 1s transmitted
(step 3) so that the path 3 1s established. In the present
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embodiment, the control message for the path 3 includes the
tollowing control information.
-Contents of Path 3 Establishment Control Message-

Path ID: 3

Group 1D: 300

ID of path for which reuse 1s permitted: not designated
ID of group for which reuse 1s permitted: not designated
ID of reuse subject path: not designated

ID of reuse subject group: 100

In the communication node apparatus that received the
path 3 establishment control message, the resource manage-
ment function unit 71 refers to the resource mformation data
75 to retrieve a wavelength assigned to the path belonging to
the group designated by the group ID of the reuse subject. In
the node-4, as a result of retrieve process, a resource assigned
to the path 1 having the group ID 100 1s found from wave-
lengths existing in the downstream side (link ID 45) of the
node-4, that 1s, the wavelength 1 1s found.

Then, reuse availability information 1n the resource infor-
mation data 75 1s referred to and it 1s checked whether the
reuse availability information includes ID 300 that 1s a group
ID of the path 3 1s included as a path ID by which reuse of the
wavelength 1 1s permitted. Since the ID 300 1s included as a
path ID by which reuse of the wavelength 1 1s permaitted, the
wavelength 1 1s reused as the resource of the path 3 so that the
wavelength 1 1s assigned to the path 3.

Also 1n the node-5, as a result of similar search processing,
a resource that 1s assigned to the path 1 having the group 1D
100 1s found in wavelengths that exist in an upstream side link
(link ID: 45) of the node-5, that 1s, the wavelength 1 1s found.
The wavelength 1 1s reused as a resource for the path 3 and
assigned to the path 3. After the resource 1s assigned, resource
information data 75 1s updated 1n each communication node
apparatus of node-7—node-4—node-5—node-8.

The reuse availability information (a part) on the node-4
becomes as shown in FIG. 22. In the node-4, even after the
wavelength 1 that was a resource for the path 1 1s reused as a
resource for the path 3, information indicating that the
resource that was originally used by the path 1 1s reused 1s
recorded i1n resource information data 75 by the resource
management function unit 71.

The node-4 1n which resource reuse for the path occurred
sends information, as a control message, such as path, link 1D
and wavelength ID and the like for which reuse occurred to
the node 1 that 1s an Ingress node (start point node) of the
reused path 1 (step 4). The resource reuse occurrence notifi-
cation message includes following control information.
-Contents of Resource Reuse Occurrence Notification Mes-
sage-

Communication node apparatus in which reuse occurred:

node-4

ID of link 1n which reuse occurred: link 435

ID pt path in which reuse occurred: path 1

Reused resource: wavelength 1

ID of path to which resource was passed: path 3

ID of group to which resource was passed: group 300.

The node-1 that recerved the resource reuse occurrence
notification stores contents included in the resource reuse
occurrence notification message by the resource management
function unit 71. In the process of storing, the path ID of the
path 1 1s associated with combination of node 1D, link ID and
wavelength ID for which reuse occurred, and the contents are
stored such that the ID of the path 1 for which reuse occurred
can be retrieved using the combination of the node ID, link ID
and wavelength ID for which reuse occurred or using any of
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these as a key. In addition, by receiving the notification, the
path 1 1s set to be 1n a non-operation state, and transmission of

data 1s stopped.

On the route of the path 1 that gave the resource to another
path due to resource reuse, an establishment check message
(refresh message) 1s exchanged for checking setting informa-
tion before occurrence of reuse (step 5). In addition, by the
message, communication node apparatuses of the path 1 store
and maintain path setting information such as the path ID of
the path 1, and path or group 1D that permits or inhibits reuse.

A control message for deleting the path 3 1s transmatted
along the route of node-7—=node-4—node-5—node-8 (step
6) so as to delete the path 3. When the path 3 1s deleted, the
wavelength 1 that 1s the resource between the node-4 and the
node-3 1s released.

The resource of the path 3 is released 1n node-7—node-
4—node-5—node-8, and the resource information data 75 1s
updated. Reuse availability information (a part of 1t) 1n the
node-4 becomes as shown 1n FIG. 23.

In node-4, the resource management function unit 71
detects that the wavelength 1 1s released, then, the node-4
specifles sends a control message to the node-1 that 1s a start
node of the path 1 that was assigned before being reused,
notifying the node-1 of release of resource reuse state (step 7).
The resource reuse dissolution message includes the follow-
ing control information.

Communication node apparatus where reuse dissolution

occurred: node-4

ID of link 1n which reuse was dissolved: link 45

ID of path 1n which reuse was dissolved: path 1

Reuse dissolved resource: wavelength 1

ID of path that used resource before dissolution occur-

rence: path 3

ID of group that used resource before dissolution occur-

rence: Group 300
The node-1 that received the resource reuse dissolution mes-
sage sends a re-establishment message over node-1—node-
4—node-5—node-6 on the route of the path 1 for re-estab-
lishing the path 1 that 1s 1n a non-operation state due to
resource reuse based on the contents of the recetved control
message (step 8), so as to start processing for re-establish-
ment 1nto operation state for the path 1.

The wavelength 1 15 assigned to the path 1 1n the section
between the node-4 and the node-5 1n order to set the path 1
into an operation state again. Then, resource information data
75 1s updated 1n node-1—node-4—node-5—node-6 on the
route of the path 1. Reuse availability information (a part) in
the node-4 at this time 1s shown 1n FIG. 24.

In the present embodiment, a path 1n which resource reuse
occurs may be either a working path or a backup path.

Third Embodiment

The third embodiment gives an operation example for
referring to resource reuse mhibited path ID when performing,
resource reuse based on priority information in path estab-
lishment processing so as to find non-inhibited resources, and
to perform resource reuse from the resources that are not
inhibited for use by the path to be established. In addition, the
present embodiment gives an operation example for detecting
resource release, notitying the start point node, and switching,
back the state of the path to the state before occurrence of
reuse.

Also 1n the present embodiment, outline of control mes-
sage sequence 1s described with reference to FI1G. 13 in a case
when a path 1 (node-1—=node-4—=node-5—node-6), a path 2
(node-1—-node-4—node-5), and a path 3 (node-7—node-
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4—node-5—node-8) are established as shown 1n FIG. 12 1n
the communication network shown in FIG. 11, and operation
for resource reuse 1s performed using the configuration of the
present embodiment.

In this embodiment, before establishing the path 3, the path
1 and the path 2 are established, and then, the path 3 1s
established by reusing resources of the path 1. As shown 1n
FIG. 14, resources (wavelengths) of two wavelengths that are
a wavelength 1 and a wavelength 2 are prepared between the
node-4 and the node-5 where reuse of resources occurs.

A control message 1s transmitted for establishing the path 1
along the route of node-1—-node-4—=node-5—node-6 (step
1). The control message of the path 1 includes following
control information.

-Contents of Path 1 Establishment Control Message-

Path ID: 1

Group 1D: 100
ID of path for which reuse 1s inhibited: not designated
ID of group for which reuse 1s inhibited: not designated
ID of reuse subject path: not designated
ID of reuse subject group: not designated

Set up priority: 8

Holding prionty: 4
Resources are assigned 1n node-1—node-4—node-
5—node-6 and the resource information data 75 1s updated. In
this process, wavelength resources between the node-4 and
the node-5 are retrieved from among available wavelengths
by the resource management function unit 71 in the commu-
nication node apparatus. As a result, a wavelength 1 1s
assigned. FIG. 25 shows (a part of) reuse availability infor-
mation 1n node-4.

A control message for establishing the path 2 along the
route ol node-1—=node-4—node-5 1s transmitted (step 2) so
that the path 2 1s established. The control message of the path
2 includes the following control information.

-Contents of Path 2 Establishment Control Message-

Path ID: 2

Group 1D: 200
ID of path for which reuse 1s inhibited: not designated
ID of group for which reuse 1s inhibited: 300
ID of reuse subject path: not designated
ID of reuse subject group: not designated

Set up priority: 8

Holding priority: 5
Resources are assigned 1n node-1—=node-4—node-5 and the
resource information data 75 1s updated. In this process,
wavelength resources between the node-4 and the node-5 are
retrieved from among available wavelengths by the resource
management function unit 71 1 the communication node
apparatus. As a result, a wavelength 2 1s assigned. FIG. 26
shows (a part of) reuse availability information 1n node-4.

A control message for establishing the path 3 over the route
of node-7—node-4—node-5—node-8 1s transmitted (step 3)
so that the path 3 1s established. The control message of the
path 3 includes the following control information.

-Contents of Path 3 Establishment Control Message-

Path ID: 3

Group 1D: 300
ID of path for which reuse 1s inhibited: not designated
ID of group for which reuse 1s inhibited: not designated
ID of reuse subject path: not designated
ID of reuse subject group: not designated

Set up priority: 3

Holding prionty: 1

In the communication node apparatus that received the
establishment control message of the path 3, the resource
management function unit 71 refers to the resource informa-
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tion data 75. In the node-4, as aresult of retrieve process, since
there 1s no available resource, resource reuse 1s performed.
Set up priority of the path to be established 1s 3. On the other
hand, holding priorities of wavelength 1 and wavelength 2
that are 1n-use resources existing 1 the downstream side link
(link 45) are 4 and 5 respectively. Thus, assignment candidate
wavelengths that are found based on priority information are
the wavelength 1 and the wavelength 2.

However, as to the wavelength 2, there 1s the group 300 that
1s a group ID of the path 3 as a reuse inhibited group ID.
Therefore, the assignment candidate wavelength 1s narrowed
into the wavelength 1, so that the wavelength 1 assigned to the
path 1 1s reused for assignment to the path 3.

Also 1 the node-5, as a result of similar retrieve process-
ing, the wavelength 1 1s found 1n the upstream side link of the
node-5. The wavelength 1 1s reused as resources for the path
3 and assigned to the path 3. After the resources are assigned,
resource information data 75 1s updated 1n each communica-
tion node apparatus of node-7—node-4—node-5—node-8.

The reuse availability information (a part of 1t) of the
node-4 becomes as shown in FIG. 27. In the node-4, even after
the wavelength 1 that was a resource for the path 1 1s reused
as a resource for the path 3, information indicating that the
resource that was originally used by the path 1 1s reused 1s
recorded 1n resource information data 75 by the resource
management function unit 71.

The node-4 1n which resource reuse for the path occurred
sends information, as a control message, such as path, link II>
and wavelength ID and the like for which reuse occurs to the
node 1 that 1s an Ingress node (start point node) of the path 1
that was reused (step 4). The resource reuse occurrence noti-
fication message includes following control information.
-Contents of Resource Reuse Occurrence Notification Mes-
sage-

Communication node apparatus 1n which reuse occurred:
node-4

ID of link 1n which reuse occurred: link 435

ID of path 1n which reuse occurred: 1

Reused resource: wavelength 1

ID of path to which resource was passed: path 3

ID of group to which resource was passed: group 300.
The node-1 that received the resource reuse occurrence noti-
fication stores contents included 1n the resource reuse occur-
rence notification message by the resource management func-
tion unit 71. In the process of storing, the path ID of the path
1 1s associated with combination of node ID, link ID and
wavelength ID for which reuse occurred, and the contents are
stored such that the ID of the path 1 for which reuse occurred
can be retrieved using the combination of the node ID, link ID
and wavelength ID for which reuse occurred or using any of
these as a key. In addition, by receiving the notification, the
path 1 1s set to be 1n a non-operation state, and transmission of
data 1s stopped.

On the route of the path 1 that gave the resource to another
path by resource reuse, an establishment check message (re-
fresh message) 1s exchanged for checking setting information
before occurrence of reuse (step 5). In addition, by the mes-
sage, communication node apparatuses of the path 1 store and
maintain path setting information such as the path ID of the
path 1, and path or group ID that permits or prohibits reuse.

A control message for deleting the path 3 1s transmitted
over the route of node-7—node-4—=node-5—=node-8 (step 6)
so as to delete the path 3. When the path 3 1s deleted, the
wavelength 1 that 1s the resource between the node-4 and the
node-5 1s released.

The resource of the path 3 is released 1n node-7—node-
4—node-5—node-8, and the resource information data 75 1s

10

15

20

25

30

35

40

45

50

55

60

65

22

updated. Reuse availability information (a part of 1t) in the
node-4 becomes as shown 1n FIG. 28.

In the node-4, the resource management function unit 71
detects that the wavelength 1 1s released, then, the node-4
sends a control message to the node-1 that 1s a start pointnode
of the path 1 that was assigned before being reused, notifying
the node-1 of dissolution of resource reuse state (step 7). The
resource reuse dissolution notification message includes the
following control information.

-Contents of Resource Reuse Dissolution Notification Mes-
sage-

Communication node apparatus where reuse release

occurred: node-4

ID of link in which reuse was dissolved: link 45

ID of path 1n which reuse was dissolved: path 1

Reuse dissolved resource: wavelength 1

ID of path that used resource before dissolution occur-

rence: path 3
ID of group that used resource before dissolution occur-
rence: Group 300
The node-1 that received the resource reuse dissolution mes-
sage sends a re-establishment message over node-1—node-
4—node-5—node-6 on the route of the path 1 for re-estab-
lishing the path 1 that 1s 1n a non-operation state due to
resource reuse based on the contents of the received control
message (step 8), so as to start processing for re-establish-
ment 1nto operation state for the path 1.

The wavelength 1 1s assigned to the path 1 1n the section
between the node-4 and the node-5 1n order to set the path 1
into an operation state again. Then, resource information data
75 1s updated 1n node-1—node-4—node-5—node-6 on the
route of the path 1. Reuse availability information (a part) in
the node-4 at this time 1s shown 1n FIG. 29.

In the present embodiment, a path where resources are
reused may be either a working path or a backup path.

Fourth Embodiment

In the forth embodiment, an example 1s explained for
updating group ID set to a path based on the present invention,
resource reuse permitted or inhibited path ID or group ID, and
holding priority representing degree of priority of path
resource holding.

FIG. 30 shows control message sequence outline in the
case when changing group 1D, group ID for which resource
reuse 1s permitted, path ID for which resource reuse 1s per-
mitted, and the value of holding priority representing the

degree of priority of resource holding of the path for the path
2 established over node-1—=node-4—=node-5 shown 1n FIG.
12.

In this example, according to the following procedure, path
2 15 established, and after the path 2 1s established, the system
changes group ID, path ID or group ID for which resource
reuse 1s permitted or imnhibited, and the value of holding pri-
ority representing the degree of the priority of resource hold-
ing of the path that are set for the path by using a setting
change message for the path 2.

A path establishment message 1s sent over the route of
node-1—node-4—node-5 (step 11), so that the path 2 1s
established. The message for establishing the path 2 includes
following information. Parameters for initial setting for the
path 2 1s determined by this information.
-Control Information Included in the Path Establishment
Message-

Path ID: 2

Group 1D: 200

ID of path ID for which reuse 1s permitted: 3
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ID of group ID for which reuse 1s permitted: 300
ID of path for which reuse 1s inhibited: 4

ID of group for which reuse 1s inhibited: 400

ID of reuse subject path: 5

ID of reuse subject group: 300

holding priority: 3

The resource information data 75 1s updated i1n node-
1—node-4—node-5 that 1s the route of the path 2. In addition,
(a part of) reuse availability information in the node-4
becomes one as shown in FIG. 31.

In addition, path ID and group ID of reuse subject of the
path 2 are recorded 1n the resource mformation data 75 as
shown 1n FIG. 32.

A setting change instruction 1s detected in the node-1 (step
12). The setting change instruction is a request triggered by
operation of an operator, a request triggered by failure occur-
rence or elimination, a request from a centralized control
server, a request triggered by change of use status, a setting
change request 1ssued according to temporal scheduling, or
the like.

The path setting change message 1s sent along the route of
node-1—-node-4—node-3 (step 13), so that setting informa-
tion of the path 2 i1s changed. The message for setting the
information of the path 2 includes following information, and
parameters of nitial settings of the path 2 are changed by this
information.

-Control Information Included 1n the Path Change Message-
Path ID: 2

Changed group 1D: 2000

Changed path ID for which reuse 1s permitted: 30

Changed group ID for which reuse 1s permitted: 3000

Changed path ID for which reuse 1s inhibited: 40

Changed group ID for which reuse 1s inhibited: 4000

Changed reuse subject path 1D: 50

Changed reuse subject group 1D: 5000

Changed holding priority: 1

The resource information data 75 1s updated according to
change information in node-1—=node-4—node-5 that 1s the
route of the path 2. (A part of) reuse availability information
in the node-4 becomes one shown in FIG. 33.

In addition, in the resource information data 75, path 1D
and group ID of reuse subject of the path 2 are changed as
shown 1n FIG. 34.

In the present embodiment, the path for which settings are
changed may be either a working path or a backup path.

By using the above-mentioned path state change, path
operation methods such as the following {fifth-seventh
embodiments become possible.

Fitth Embodiment

Following operation 1s possible by using before-mentioned
first-fourth embodiments. In the following an operation
method 1s described 1n which holding priority 1s changed to be
low (the value 1s changed large) for a path from which
resources are reused, and when the resource reuse state 1s
dissolved, the holding priority 1s restored to the original
value. FIG. 35 shows outline of sequence of the control mes-
sage. In this example, a case 1s described for changing holding
priority of the path 2 set 1n node-1—node-4—node-5 1n FIG.
12.

A path 1s generated 1n node-1—=node-4—node-5 (step 21).
As to the path, holding prionty 1s set to 1. The resource
information data 75 1s updated in node-1—=node-4—node-5.
In the node-4, occurrence of resource reuse 1s detected (step
22), and 1t 1s reported to the node-1 by a control message (step
23). The node-1 receives the resource reuse occurrence noti-
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fication. In response to receiving the resource reuse occur-
rence notification, the node-1 sends a path setting change

message. The path setting change message includes changed
holding priority value (5).

The control message 1s sent over node-1—snode-
4—node-5 (step 24), so that the set holding priority of the path
1s changed from 1 to 5. The resource information data 75 1s
updated innode-1—node-4—node-5. The node-4 detects dis-
solution of resource reuse (step 25), and it 1s reported to the
node-1 using a control message (step 26). The node-1
receives the resource reuse occurrence dissolution notifica-
tion. Triggered by receiving the resource reuse occurrence
dissolution notification, the node-1 sends a path setting
change message. The setting change message includes hold-
ing priority value (1) before resource reuse occurrence.

A control message 1s sent over node-1—+node-4—node-5
(step 27), and the set holding priority of the path 1s changed
from 5 to 1. The resource information data 75 1s updated 1n
node-1—node-4—node-5.

By lowering priority for a path that enters in a non-opera-
tion state due to occurrence of resource reuse, usable parts
(normal other than the link where resource reuse occurred)
can be positively utilized to other paths so that use efficiency
for resources can be increased.

Also 1n the present embodiment, the path for which settings
are changed may be either a working path or a backup path.

Sixth Embodiment

Following operation 1s possible by using the before-men-
tioned first-fourth embodiments. By using the present inven-
tion, 1t becomes possible to change priority information trig-
gered by occurrence of failure. For example, in a failure
restore scheme 1n which operation 1s performed using a work-
ing path in normal times and failure 1s dealt with by preparing
a backup path of reservation state beforechand, an operation
method 1s available in which, after failure of the working path
occurs, when changing the state of the path from the reserva-
tion state to the operation state, priority value of the backup
path 1s increased, and after failure of the working path 1s
climinated, when switching back to the working path 1s per-
formed, priority value 1s lowered. FIG. 36 shows outline of a
network that can perform this operation, and FIG. 37 shows
sequence outline of control message.

Here, an example 1s described for changing holding prior-
ity representing priority order of paths that 1s also used 1n the
RSVP-TE protocol and the like. As shown in FIG. 36, a
communication network 1s taken as an example 1n which a
working path (node-1—node-2—=node-3) of holding priority
1 and a backup path (node-1-—snode-4—=node-5—node-
6—node-3) of holding priority 3 are established. Then, when
failure switching 1s performed after occurrence of failure,
holding priority of the working path 1s changed from 1 to 5,
and holding priority of the backup path 1s changed from 5 to
1. After the failure 1s eliminated, holding priority of the work-
ing path 1s restored from 5 to 1, and holding priornity of the
backup path 1s restored from 1 to 5.

By the way, the smaller the value of holding priority 1s, the
higher the priority 1s. In this embodiment, the priority value 1s
changed along with failure switching in the following proce-
dure as shown 1n FIG. 37.

A working path establishment message 1s sent over the
route (node-1—node-2—node-3) of the working path (step
31), so that the working path 1s established. In the establish-
ment, holding priority set for the working path 1s 1.

The resource mmformation data 1s updated in the route
(node-1—=node-2—node-3) of the working path. A backup
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path establishment message i1s sent over the route (node-
1—node-4—node-5—node-6—node-3) of the backup path

(step 32), so that the backup path 1s established. In the estab-
lishment, holding priority set for the backup path 1s 5. The
resource information data 75 1s updated on the route (node-
1—node-4—node-5—node-6—node-3) of the backup path.

Failure occurs at the node-2, and the node-2 on the route of
the working path detects failure (step 33). The node-2 sends a
failure notification message to node-1 that 1s an Ingress node
of the working path (step 34). This failure notification mes-
sage includes information on the failed path and information
on the failed link.

The node-1 recerves the failure notification, and sends a
switching message for switching the working path to the
backup path over the route (node-1—mode-4—node-
5—node-6—node-3) of the backup path (step 35). At this
time, the node-1 sends a setting change message at the same
time for changing the holding priority of the backup path from
> to 1.

Each communication node apparatus on the route (node-
1—node-4—node-5—node-6—node-3) of the backup path
receives the message, performs switching processing, and
changes the set holding priority from 5 to 1 at the same time.
Accordingly, the resource information data 75 1s updated.
After sending the switching message over the backup path,
the node-1 sends a setting change message over the route
(node-1—mode-2—node-3) of the working path for chang-
ing the holding priority of the working path from 1 to 5 (step
36).

Communication node apparatuses on the route (node-
1—node-2—node-3) of the working path recerves the mes-
sage, changes holding priority from 1 to 5, so thatthe resource
information data 73 1s updated.

When the failure occurred in the node-2 on the route of the
working path 1s eliminated, the node-2 detects failure elimi-
nation (step 37), and sends a failure elimination notification
message to the node-1 that 1s an Ingress node of the working,
path (step 38). This failure elimination message includes
information on the failed path and information on the failed
link. The node-1 that received the failure elimination notifi-
cation message sends a setting change message over the route
(node-1—node-2—node-3) of the working path triggered by
the failure elimination notification message for changing the
holding priority from 3 to 1 (step 39).

Each communication node apparatus on the route (node-
1—node-2—node-3) of the working path recerves the mes-
sage, changes the holding priority from 3 to 1. According to
the change, the resource information data 75 1s updated.

Atthe same time when sending the setting change message
of the working path, the node-1 sends a switch back message
tor switching the backup path back to the working path, and
a setting change message for changing holding priority from
1 to 5§ over the route of the backup path (node-1—node-
4—node-5—node-6—node-3) (step 40).

Each communication node apparatus on the route (node-
1—node-4—node-5—node-6—node-3) of the backup path
receives the message, performs the switch back processing,
changes the holding priority from 1 to 3, and updates the
resource information data 75.

In the present embodiment, operation similar to above-
mentioned operation can be also performed between a backup
path 1n operation and a working path not in operation.

Seventh Embodiment

By using the before-mentioned first-fourth embodiments,
tollowing operation 1s possible. In the present embodiment, a
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procedure 1s described for performing setting change for a
path that 1s reusing resources, and changing resources of
reuse subject. The resources of reuse subject are retrieved
from resources for which reuse 1s not inhibited, and are
assigned.

FIG. 38 shows control message sequence outline 1n a case
where a path 1 (node-1—node-4—node-5—node-6), apath 2
(node-1—+node-4—=node-5), and a path 3 (node-7—node-
4—node-5—node-8) are established as shown 1 FIG. 12 1n
the communication network shown in FIG. 11, and operation
for resource reuse 1s performed using the configuration of the
present embodiment.

In this embodiment, before establishing the path 3, the path
1 and the path 2 are established, and then, the path 3 1s
established by reusing resources of the path 1 for use of
establishment of the path 3. As shown in FIG. 14, resources
(wavelengths) of two wavelengths that are a wavelength 1 and
a wavelength 2 are prepared between the node-4 and the
node-3 where reuse of resources occurs.

A control message 1s transmitted for establishing the path 1
along the route of node-1—node-4—node-5—node-6 (step
51). The control message of the path 1 includes following
control information.

-Contents of Path 1 Establishment Control Message-

Path ID: 1

Group 1D: 100
ID of path for which reuse 1s permitted: not designated
ID of group for which reuse 1s prohibited: 300
ID of reuse subject path: not designated
ID of reuse subject group: not designated
Resources are assigned 1n node-1—node-4—node-
5—node-6 and the resource information data 75 1s updated. In
this process, wavelength resources between the node-4 and
the node-5 are retrieved from among available wavelengths
by the resource management function unit 71 1n the commu-
nication node apparatus. As a result, a wavelength 1 1s
assigned. FIG. 39 shows (a part of) reuse availability infor-
mation in node-4.

A control message for establishing the path 2 along the
route of node-1—=node-4—node-5 1s transmitted (step 52) so
that the path 2 1s established. The control message of the path
2 includes the following control information.

-Contents of Path 2 Establishment Control Message-

Path ID: 2

Group 1D: 100
ID of path for which reuse 1s permitted: not designated
ID of group for which reuse 1s prohibited: 320
ID of reuse subject path: not designated
ID of reuse subject group: not designated

Resources are assigned in node-1—node-4—node-5 and
the resource information data 75 1s updated. In this process,
wavelength resources between the node-4 and the node-5 are
retrieved from among available wavelengths by the resource
management function unit 71 1n the communication node
apparatus. As a result, a wavelength 2 1s assigned. FIG. 40
shows (a part of) reuse availability information 1n node-4.

Based on command 1nput from the CLI 77 and a control
message from other communication node apparatus, a setting
condition of the path 3 1s set such that resources of the path 1
are reused.

A control message for establishing the path 3 over the route
of node-7—node-4—node-5—node-8 1s transmitted (step
53) so that the path 3 is established. The control message of
the path 3 includes the following control information.
-Contents of Path 3 Establishment Control Message-

Path ID: 3

Group 1D: 320
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ID of path for which reuse 1s permitted: not designated
ID of group for which reuse 1s permitted: not designated
ID of reuse subject path: not designated

ID of reuse subject group: 100

In the communication node apparatus that recerved the
establishment control message of the path 3, the resource
management function unit 71 refers to the resource informa-
tion data 75 to retrieve a wavelength assigned to the path
designated by the path ID of the reuse subject. In the node-4,
as a result of retrieve process, resources assigned to the group
ID 100 are found in wavelengths existing in the downstream
side link (link ID 45) of the node-4, that 1s, the wavelength 1
and the wavelength 2 are found. Then, reuse availability infor-
mation 1n the resource mformation data 75 1s referred to and
it 1s checked whether group 1D 320 that 1s a group ID of the
path 3 1s included 1n group 1Ds for which reuse of wavelength
2 1s 1inhibited.

Since the group ID 320 1s included 1n the group 1Ds for
which reuse of wavelength 2 1s inhibited, the wavelength 2 1s
excluded from assignment candidate, so that the wavelength
1 1s selected, and the wavelength 1 1s reused as the resource of
the path 3 and the wavelength 1 1s assigned to the path 3. Also
in the node-5, as a result of similar retrieve processing, the
wavelength 1 1s found 1n wavelengths existing 1n the upstream
side link (link ID 45) of the node-5, and the wavelength 1 1s
reused as resources for the path 3 and assigned to the path 3.

After the resources are assigned, resource information data
75 1s updated 1n each communication node apparatus of node-
7—node-4—node-5—node-8. The reuse availability infor-
mation (a part of 1t) of the node-4 becomes as shown in FIG.
41. In the node-4, even after the wavelength 1 that was a
resource for the path 1 1s reused as a resource for the path 3,
information indicating that the resource that was originally
used by the path 1 1s reused 1s recorded 1n resource informa-
tion data 75 by the resource management function unit 71.

The node-4 1n which resource reuse for the path occurred
sends information, as a control message, such as path, link 1D
and wavelength ID and the like for which reuse occurred to
the node 1 that 1s an Ingress node (start point node) of the path
1 that was reused (step 54). The resource reuse occurrence
noftification message includes following control information.
-Contents of Resource Reuse Occurrence Notification Mes-
sage-

Communication node apparatus in which reuse occurred:

node-4

ID of link 1n which reuse occurred: link 45

ID of path 1n which reuse occurred: 1

Reused resource: wavelength 1

ID of path to which resource was passed: path 3

ID of group to which resource was passed: group 320.

The node-1 that received the resource reuse occurrence
notification stores contents included in the resource reuse
occurrence notification message by the resource management
function unit 71. In the process of storing, the path ID of the
path 1 1s associated with combination of node ID, link ID and
wavelength ID for which reuse occurred, and the contents are
stored such that the ID of the path 1 for which reuse occurred
can be retrieved using the combination of the node ID, link ID
and wavelength ID for which reuse occurred or using any of
these as a key. In addition, by receiving the notification, the
path 1 1s set to be 1n a non-operation state, and transmission of
data 1s stopped.

On the route of the path 1 that gave the resource to another
path by resource reuse, an establishment check message (re-
fresh message) 1s exchanged for checking setting information
before occurrence of reuse (step 55). In addition, by the
message, communication node apparatuses of the path 1 store
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and maintain path setting information such as the path 1D of
the path 1, and path or group ID for which reuse 1s permitted
or inhibited.

Based on command 1nput from the CLLI 77 by the operator,
or based on a control message from another communication
node apparatus, an establishment condition for the path 3 1s
set such that belonging group ID i1s changed to 300.

A control message for changing the setting of the path 3 1s
transmitted over the route of node-7—node-4—node-
5—node-8 (step 356) so that the setting of the path 3 1is
changed. In this example, the group ID to which the path 3
belongs 1s changed from 320 to 300. The setting change
message includes following information.

Path ID: 3

Group ID of reuse subject: 100

Betore changed group 1D: 320

Changed group 1D: 300

The resource information data 75 1s updated 1n each com-
munication node apparatus of the route (node-7—node-
4—node-5—node-8) of path 3. Accompanying the change of
the reuse subject, since reuse 1s mhibited for the path of the
group ID 300 according to setting information of path 1
(determined from reused path ID) from which the wavelength
1 was reused so far, the resource assigned to the path 3 1s
released, and separate resource 1s newly searched.

The wavelength 2 assigned to the path 2 belongs to the
group 1D 100 which 1s the reuse subject for the path 3, and
resource reuse of the wavelength 2 1s not inhibited for the
group 1D 300 that 1s the changed group ID of the path 3. Thus,
the resource of the wavelength 2 assigned to the path 2 1s
reused for assignment to the path 3. (A part of) reuse avail-
ability information 1n the node-4 becomes one shown in FIG.
42. In the node-4, even after the wavelength 2 that was a
resource for the path 2 1s reused as a resource for the path 3,
information indicating that the resource that was originally
used by the path 2 1s reused 1s recorded 1n resource informa-
tion data 75 by the resource management function unit 71.

In node-4, the resource management function unit 71
detects that the wavelength 1 1s released, then, the node-4
sends a control message to the node-1 that1s a start pointnode
of the path 1 that was assigned before being reused, notitying
the node-1 of dissolution of resource reuse state (step 57). The
resource reuse dissolution notification message includes the
following control information.

-Contents of Resource Reuse Dissolution Notification Mes-
sage-

Communication node apparatus where reuse dissolution

occurred: node-4

ID of link 1n which reuse was dissolved: link 45

ID of path 1n which reuse was dissolved: path 1

Reuse dissolved resource: wavelength 1

ID of path that used resource before dissolution occur-

rence: path 3
ID of group that used resource before dissolution occur-
rence: Group 320

The node-4 i which resource reuse for the path newly
occurred due to setting change sends information, as a control
message, such as path, link 1D and wavelength ID and the like
for which reuse occurred to the node 1 that 1s an Ingress node
(start point node) of the path 1 that was reused (step 38). The
resource reuse occurrence notification message icludes fol-
lowing control information.

Contents of Resource Reuse Occurrence Notification Mes-
sage

Communication node apparatus in which reuse occurred:

node-4

1D of link 1in which reuse occurred: link 45
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ID of path 1n which reuse occurred: path 2

Reused resource: wavelength 2

ID of path to which resource was passed: path 3

ID of group to which resource was passed: group 300.

The node-1 that received the resource reuse dissolution
message sends a re-establishment message over the route of
node-1—-node-4—node-S—node-6 of the path 1 based on
contents of the recerved message for re-establishing the path
1 that 1s 1n a non-operation state due to resource reuse (step
59), so as to start re-establishment processing for changing
the state of the path 1 into an operation state.

The wavelength 1 15 assigned to the path 1 1n the section
between the node-4 and the node-5 1n order to set the path 1
into an operation state again. Then, resource information data
75 1s updated 1n node-1—node-4—node-5—node-6 on the

route of the path 1. Reuse availability information (a part) in
the node-4 at this time 1s shown 1n FIG. 43.

The path 1n the present embodiment may be either a work-
ing path or a backup path.

Eighth Embodiment

In the eighth embodiment, a method 1s described for adver-
t1sing use resources 1n each communication node, and I1Ds of
paths and groups that are using the resources over the com-
munication network. For example, the advertisement can be
realized by extending functions of OSPF-TE that 1s an exist-
ing routing protocol. The OSPF-TE 1s provided with means
for advertising resource mnformation of each link over the
whole of the Communication network. This embodiment 1s
realized by adding path ID and group ID to the resource
information. FIG. 44 1s a schematic diagram when perform-
ing the present method. In this embodiment, a communica-
tion network for operating wavelength paths 1s given, and 1t 1s
assumed that there are resources of three wavelengths that are
wavelength 1, wavelength 2 and wavelength 3 each having a
bandwidth of 10 Gbps between the node-1 and the node-2,
and that the wavelength 1 1s assigned to the path 1 and the
wavelength 3 1s assigned to the path 2. IDs are provided as
tollows for 1dentifying node-1, node-2, wavelength 1, wave-
length 2 and wavelength 3 respectively.

The node-1 1s assigned 192.168.1.1 as a node ID, and the
node-2 1s assigned 192.168.1.2 as a node ID. The wavelength
1 1s assigned 10.10.10.10 as a link ID, and the wavelength 2 1s
assigned 20.20.20.20 as a link ID, and the wavelength 3 1s
assigned 30.30.30.30 as a link ID. The path 1 1s assigned 1 as
a path ID, and assigned 100 as a group ID. The path 2 is
assigned 2 as a path ID, and assigned 200 as a group ID.

As to IDs to be assigned for wavelengths, 1t 1s possible to
set IDs separately for each of the node-1 and the node-2. But,
in the present embodiment, a same value 1s used for the
node-1 and the node-2.

In the case of this example, the node-1 and the node-2
include information shown 1 FIGS. 45 and 46 respectively
into a control message to form a message that can 1dentify
relationship between use bands and paths using the bands,
and advertise the message to other nodes. FIG. 45 shows
information advertised by the node-1, and FIG. 46 shows
information advertised by the node-2.

As means for advertising over the communication net-
work, means provided 1n OSPF-TE 1s used.

Ninth Embodiment

In the minth embodiment, 1t 1s described that following
operation 1s possible by using the eighth embodiment. In the
present embodiment, when a working path or a backup path 1s
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falled, detour route calculation 1s performed considering
resource reuse so that failure 1s recovered. FI1G. 47 shows a
detour path setting example. FIG. 48 shows control message
sequence outline 1n a case 1n which path 1 (node-6—node-
5—node-4) 1s established as shown 1n FIG. 47 1n a commu-
nication network shown in FIG. 11, and failure switching
processing 1s performed by reusing resources using configu-
rations ol embodiments of the present mnvention.

An establishment message for path 1 that 1s a working path
1s sent over the route of node-6—node-5—node-4 (step 61),
so that the path 1 1s established. The establishment message
for the path 1 includes following information.

Contents of Path 1 Establishment Control Message-

Path 1D:1

Group 1D: 100

ID of path for which reuse 1s permitted: not designated

ID of group for which reuse 1s permitted: 200

The contents of the establishment message are stored in the
node-6 that 1s a start point node of the path 1. The resource
information data 75 on the route of the path 1 (node-6—node-
5—node-4) 1s updated. In the process, the wavelength 1 1s
selected from among available resources 1n the link between
the node-5 and the node-4, so that resource information data
of the node-5 becomes one as shown 1n FIG. 49.

Failure 1s detected by the node-6 (step 62). The node-6 that
detected the failure identifies path ID (path 1) where the
failure occurs. Since the path 1 1s established such that the
node-6 1s the start point node, setting information of the path
1 has been stored 1n the node-6. By referring to the informa-
tion, the node-6 determines that group 1D that can reuse the

path 1 15 200.

i

Inggered by detecting the failure, the node-6 calculates a
route ol a detour path. In the processing, the route calculation
function unit included 1n the CSPF module 73 refers to the
resource information data 75 collected by using a routing
protocol, and 1dentifies that a path of the path ID 200 can reuse
resources of wavelength 1 of the link between the node-4 and
the node-5 for 1ts use, so that the route calculation function
unmit calculates the route of the path by setting the cost
between the node-4 and the node-5 to be 0. Assuming that
cost of all other links 1s 10, route calculation 1s performed
based on the topology shown 1n FIG. 50.

In this topology, node-6—node-9—node-8—node-
5—noded 1s determined to be the route of the detour path
from among minimum cost routes from the node-6 to the
node-4. Accordingly, route calculation 1n which necessary
resource reducing elfect 1s used as a parameter can be per-
formed.

Next, a detour path establishment message 1s sent over the
determined  route (node-6—node-9—=node-8—node-
5—node4) of the detour path (step 63). The path 1D 200 that
can reuse resources of the path 1 1s set to be a group ID of the
detour path. In addition, path 1 1s assigned as a reuse subject
path ID. The detour path establishment message includes the
following information.

-Contents of Detour Path Establishment Control Message-

Path ID: 2

Group 1D: 200

Reuse subject path 1D: 1

Route of detour path

As route mformation of the detour path, Explicit Route
Object of RSVP-TE and the like can be used. The resource
information data 75 1s updated on the route (node-6—node-
9—node-8—node-5—noded4) of the detour path. In the link
between the node-5 and the node-4, two conditions are satis-
fied 1n which one condition 1s that belonging group of the path
2 1s a reuse permitted group designated by the path 1, and
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another condition 1s that reuse subject specified by the path 2
1s the path 1. Thus, resources assigned to the path 1 1s reused

for assignment to the path 2 on the detour route. In addition,
ID of the path 1 that originally used the resources 1s added as
reuse available path ID. Also 1n the node-4, resource assign-
ment 1s performed similarly. The resource information data
75 1n the node-5 becomes as shown 1n FIG. 51.

A resource reuse occurrence notification message 1s sent
from the node-5 to the node-6 (step 64). Contents of the
resource reuse occurrence notification message 1s as follows.
-Contents of Resource Reuse Occurrence Notification Mes-
sage-

Communication node apparatus 1n which reuse occurred:

node-3

ID of link 1n which reuse occurred: link 45

ID of path 1n which reuse occurred: path 1

Reused resource: wavelength 1

ID of path to which resource was passed: path 2

ID of group to which resource was passed: group 200

An establishment check message 1s sent over the route
(node-6—node-5—node-4) of the working path, so that
information of the state before reuse or failure occurrence 1s
stored (step 635). When failure elimination 1s detected by the
node-6, the node-6 that detected the failure elimination sends
a working path reestablishment message over the route of the
path 1 that 1s a working path (step 66). The working path
reestablishment message includes following information.
-Contents ol Working Path Reestablishment Message-

Path ID: 1

Group 1D: 100
ID ot path for which reuse 1s permitted: not designated
ID ot group for which reuse 1s permitted: 200
ID of reuse subject path: 2

Each node that recerved the working path reestablishment
message on the working path (node-6—node-5—node-4)
updates the resource information data 75. In the node-5, two
conditions are satisfied in which one condition 1s that path ID
of the path 1 1s the reuse permitted path 1D designated by the
path 2, and another condition 1s that reuse subject specified by
the path 1 1s the path 2. Thus, the wavelength 1 15 assigned to
the path 1, so that the reuse state 1s dissolved. In node-5, the
resource information data 75 1s updated as shown 1n FI1G. 52.

A resource reuse dissolution notification message 1s sent
from the node-5 to the node-6 (step 67). The message includes
the following information.
-Contents of Resource Reuse
sage-

Communication node apparatus in which reuse was dis-

solved: node-5

ID of link 1n which reuse was dissolved: link 45

ID of path for which reuse was dissolved: path 1

Reused resource: wavelength 1

ID of path which released resource: path 2

ID of group which released resource: group 200

The node-6 that received the resource reuse dissolution
message determines that the resource of the path 2 that 15 a
detour path 1s passed to the path 1, and sends a detour path
delete message over the detour path route (node-6—node-
9—node-8—node-5—noded) (step 68).

In addition, 1n the present embodiment, similar operationis
available even when the failed path 1s a backup path.

Elimination Notification Mes-

Tenth Embodiment

In the tenth embodiment, it becomes possible to change
resource reuse availability information triggered by path
establishment failure by using the present invention. Outline
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of the network 1n which this process can be performed 1is
shown 1n FIGS. 11 and 12, and sequence outline of the control
message 1s shown 1n FIG. 53. FIG. 53 shows the control
message sequence outline 1n a case for establishing the path 1
(node-1—+node-4—=node-5—=node-6), the path 2 (node-
1—node-4—node-5) and the path 3 (node-7—node-
4—node-5—node-8) as shown in FIG. 12 in the communica-
tion network shown 1n FIG. 11, and performing operation in
which resource reuse 1s performed by using the configuration
of the embodiment of the present invention.

In this example, before establishing the path 3, paths 1 and
2 are established, and the path 3 1s established by reusing the
resources ol the path 1. Resources (wavelengths) of two
wavelengths that are wavelength 1 and wavelength 2 are
prepared between the node-4 and the node-5 as shown 1n FIG.
14.

A control message for establishing the path 1 over the route
ol node-1—=node-4—node-5—node-6 1s sent (step 71). In the
present embodiment, the control message for the path 1
includes following control information.

-Contents of Path 1 Establishment Control Message-

Path ID: 1

Group 1D: 100
ID of path for which reuse 1s permitted: not designated
ID of group for which reuse 1s inhibited: 300
ID of reuse subject path: not designated
ID of reuse subject group: not designated

Resources are assigned 1n node-1—node-4—node-
5—node-6, and the resource information data 75 1s updated.
In this process, wavelength resources between the node-4 and
the node-5 are retrieved from available wavelengths by the
resource management function unit 71 of the commumnication
node apparatus. As a result, wavelength 1 1s assigned. (A part
ol) reuse availability information 1n the node-4 becomes one
shown 1n FIG. 54.

A control message for establishing the path 2 through the
route of node-1—node-4—node-5 1s sent (step 72), so that the
path 2 1s established. The control message for the path 2
includes the following control information,

-Contents of Path 2 Establishment Control Message-

Path ID: 2

Group 1D: 100
ID of path for which reuse 1s permitted: not designated
ID of group for which reuse 1s inhibited: 320
ID of reuse subject path: not designated
ID of reuse subject group: not designated

Resources are assigned to node-1—node-4—node-5, so
that the resource information data 75 1s updated. In this pro-
cess, wavelength resources between the node-4 and the
node-5 are retrieved and determined from available wave-
lengths by the resource management function unit 71 of the
communication node apparatus, so that the wavelength 2 1s
assigned. (A part of) reuse availability information in the
node-4 becomes as shown 1n FIG. 55.

Next, by command 1nput from the CLS 77 by an operator,
or by a control message from other communication node
apparatus, setting condition of the path 3 1s set such that the
path 3 reuses resources of the path 2 for 1ts own use. Then, a
control message for establishing the path 3 over the route of
node-7—node-4—node-5—node-8 1s sent (step 73). The
path 3 establishment control message includes the following
control information.

-Contents of Path 3 Establishment Control Message-

Path ID: 3

Group 1D: 320

ID of path for which reuse 1s permitted: not designated

ID of group for which reuse 1s inhibited: not designated
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ID of reuse subject path: 2

ID of reuse subject group: not designated

In the communication node apparatus that recerved the
path 3 establishment control message, the resource manage-
ment function unit 71 refers to the resource information data
75 so as to retrieve wavelength that 1s assigned to the path
designated by the reuse subject path ID. In the node-4, as a
result of search processing, a resource assigned to path 1D 100
1s Tound 1n wavelengths existing 1n the downstream side link
(link 45) of the node-4, that 1s, wavelength 2 1s found.

Then, reuse availability information in the resource nfor-
mation data 75 1s referred to, and 1t 1s checked whether group
ID 320 which 1s the group ID of the path 3 1s included 1n path
IDs for which reuse of wavelength 2 1s inhibited. Since ID 320
1s included 1n the group ID for which reuse of wavelength 2 1s
inhibited, the wavelength 2 1s excluded from assignment can-
didate. Since there 1s no other available wavelength, resource
assignment for the path 3 fails.

The node-4 notifies the Ingress node of the path 3 that
establishment of the path 3 fails by a path establishment
failure notification message (step 74). The path establishment
failure notification message describes that resources for the
path ID 2 1s not permitted to use. The resource reuse subject
1s changed to path 1 in the path 3 that received the path
establishment failure notification (step 75).

A control message for establishing the path 3 through the
route node-7—node-4—node-5—=node-8 1s sent again (step
76), so that the path 3 1s established. The path 3 establishment
control message includes the following control information.
-Contents of Path 3 Establishment Control message-

Path ID: 3
Group 1D: 320
ID of path for which reuse 1s permitted: not designated
ID of group for which reuse 1s inhibited: not designated
ID of reuse subject path: 1

ID of reuse subject group: not designated

In the node-4, the wavelength 1 that 1s assigned to the reuse
subject path ID 1 1s selected, and 1s assigned to the path 3.
Alsonthe node-5, as aresult of similar search processing, the
wavelength 1 1s also found 1n the upstream side link (link ID
45) of the node-5, and the wavelength 1 1s reused as a resource
for the path 3 and 1s assigned to the path 3. AT

ter the resource
1s assigned, the resource information data 75 1s updated 1n
cach communication node apparatus of node-7—node-
4—node-5—node-8.

In the node-4, even after the wavelength 1 that was a
resource for the path 1 1s reused as a resource for the path 3,
information indicating that the resource that was originally
used by the path 1 1s reused 1s recorded 1n resource informa-
tion data 75 by the resource management function unit 71.

The node-4 sends a control message to the node-1 that 1s
the Ingress node (start point node) of the reused path 1 noti-
tying the node-1 of information such as path, link ID and
wavelength ID for which reuse occurred (step 77). The reuse
occurrence notification message includes the following con-
trol information.

-Contents of Resource Reuse Occurrence Notification Mes-
sage-

Communication node apparatus 1n which reuse occurred:

node-4

ID of link 1n which reuse occurred: link 45

ID of path 1n which reuse occurred: path 1

Reused resource: wavelength 1

ID of path to which resource was passed: path 3

ID of group to which resource was passed: group 320

The path 1n the present embodiment may be either a work-
ing path or a backup path. In addition, in the present embodi-

10

15

20

25

30

35

40

45

50

55

60

65

34

ment, the reason of path establishment failure can be a failure
of the network. In addition, 1n the present embodiment, the
path establishment route after the change of resource reuse
subject can be different from the route through which the path
1s established 1nitially.

In addition, the present embodiment can be carried out

even when resource reuse subject 1s not designated 1n 1nitial
path establishment.

Eleventh Embodiment

It1s possible to perform establishment of paths described in
the above-mentioned embodiments by using a centralized
management apparatus having a function block shown in
FIG. 57. Similar to the communication node apparatus, soit-
ware equal to that shown 1n FIG. 8 1s installed 1n the central-
1zed management apparatus, and similar to the communica-
tion apparatus, the centralized management apparatus
includes a command mput unit 80 (corresponding to CLL177),
signaling means 82 (corresponding to RSVP-TE protocol
function unit 70,

OSPF-TE protocol function unit 72, and GSMP protocol

function unit 74), route information processing means 83
(corresponding to the resource management function unit 71,
and the CSPF module 73), and storage means 84 (storing data
corresponding to the resource mformation data 75 and the
route information data 76), and a node apparatus control IF 81
for communicating with communication node apparatuses.

For example, path control processing similar to that of the
ninth embodiment shown in FIG. 48 can be controlled as
shown 1 FIG. 59 1n the communication network shown 1n
FIG. 58. That 1s, 1n the path control processing shown in FIG.
59, the centralized management apparatus 200 collectively
processes messages that were sent and received by the node-6
for other communication node apparatuses 1n the path control
processing shown in FIG. 48. Since the path control process-
ing shown 1n FIG. 59 1s basically similar to control processing
in the minth embodiment described by FIG. 48, detailed
description 1s not given.

Twelfth Embodiment

This embodiment describes operation 1n which a resource
reuse availability information 1ssuing apparatus 1ssues reuse
availability information for a path establishment request sent
from a user apparatus to an optical cross connect switch (an
example of a communication node apparatus) existing in a
communication network realized in the before-mentioned
first to eleventh embodiments.

FIG. 60 shows an apparatus connection configuration in
the present embodiment. As shown in FIG. 60, an IP router of
user A and an IP router of user B are connected to an optical
cross connect apparatus #1 1n the communication network
performing resource reuse ol the present embodiment. In
addition, based on a path establishment request from the user
B, a path of ID 2 for the user B 1s established from the optical
cross connect apparatus #1 to the optical cross connect appa-
ratus #2.

The user information database 90 of the resource reuse
availability information 1ssuing apparatus 101 stores ident-
fication imnformation of the user A and the user B, and path
identification information that can be 1ssued for path estab-
lishment requested by the user A and the user B respectively.
The resource reuse policy database 91 stores resource reuse
availability relationship of the user A and the user B. In this
embodiment, the 1ssue 1dentification information database 92
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stores path i1dentification information that can be 1ssued for
the user A and the user B as shown 1n FIG. 61.

The reuse availability relationship of the user A and the
user B are stored 1n the resource reuse policy database 91 as
shown 1n FIG. 62.

In this embodiment, the user apparatus A sends a new path
establishment request to the optical cross connect switch #1.
Then, the optical cross connect switch #1 notifies the resource
reuse availability information 1ssuing apparatus 101 of infor-
mation indicating that a path establishment request occurs
from the user A with user information.

The resource reuse availability information issuing appa-
ratus 101 that receirved the notification searches the issue
identification information database 92 for a path ID that can
be assigned to the path A, so that ID 1 and group 1D 100 that
are the assignable I1Ds are retrieved and assigned.

In addition, at the same time, the resource reuse availability
information issuing apparatus 101 refers to the resource reuse
policy database 91 to refer to each of a user from which the
user A can reuse resources, a user for which reuse 1s inhibited,
a user for which reuse 1s permitted, setup priority, and holding
priority. In addition, the resource reuse availability informa-
tion 1ssuing apparatus 101 refers to the 1ssue i1dentification
database 92 to refer to path ID and group ID of related users.
Identification information and resource reuse availability
information to be assigned to the path A are determined as
tollows based on the referred reuse availability information
and 1dentification information.

-Information Provided to the Path Requested by the User A-

Path ID: 1

Group 1D: 100
ID of path for which reuse 1s permitted: not designated
ID of group for which reuse 1s permitted: not designated
ID of path for which reuse 1s inhibited: 2-7
ID of group for which reuse 1s inhibited: 200

Reuse subject path ID: 2-7

Reuse subject group 1D: 200

set up priority: 8

holding priority: 1

The 1dentification information determined by the resource
reuse availability information 1ssuing apparatus 101 is sent to
the optical cross connect switch #1, and the optical cross
connect switch #1 establishes the path of the user A based on
information recerved from the resource reuse availability
information issuing apparatus 101.

The “user” 1n the present embodiment may be a service
instance for distinguishing a particular service 1 a network
providing a plurality of services. In the present embodiment,
identification information of a user may be VPN-1d 1dentity-
ing VPN. In the present embodiment, identification informa-
tion of a user may be 1dentification information of UNI that 1s
an interface between the user communication network and the
service provider side. In the present embodiment, the
resource reuse availability information 1ssuing apparatus 101
may be provided in a communication node apparatus.

In the present embodiment, the user apparatus may be an IP
router, and 1n addition to that, may be an optical cross connect
switch, a TDM cross connect switch, an ATM apparatus, a
layer 2 switch, a layer 3 switch, or a general computer.

Thirteenth Embodiment

The thirteenth embodiment 1s an embodiment for notifying,
a communication apparatus of failure occurrence or failure
climination of a control link on a backup path, or occurrence
of resource exhaustion or elimination of resource exhaustion

on the backup path. When the communication node apparatus
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that received the notification detects occurrence of failure of
a control link on the backup path based on the contents of the
notification, switching to the backup path 1s prohibited even
when a working path fails.

An example of a communication network in which the
control link of the backup path 1s failed 1s shown in FIG. 63.
An example of a communication network in which resource
exhaustion of the backup path occurs 1s shown 1n FI1G. 64. For
example, a situation 1s assumed 1n which a working path 1s
established through node-1—node-2—node-3 and a backup
path 1s established through node-1—node-4—node-
5—node-6—node-3 1n FIG. 63.

When failure occurs in a control link between the node-4
and the node-5, the node-4 detects failure of the control link,
and notifies the node-1 that 1s a start point node of the failure.
The node-1 that received the notification enters 1n a state 1n
which switching to the backup path 1s inhibited. Thus, the
node-1 stops switching to the backup path even when the
working path fails.

In addition, when the control link failure 1s eliminated, the
node-4 notifies the node-1 of the elimination so as to release
the switching stop state

In addition, for example, 1n FIG. 64, 1t 1s assumed that a
working path 1s established through node-1—node-
2—node-3 (path 1), and a backup path 1s established through
node-1—node-4—=node-5—node-6.

In this situation, when a new path (path 2) 1s established
through node-7—node-4—node-5—node-8, and as a result,
when available resources are exhausted in the link between
the node-4 and the node-5, the node-4 detects 1t and notifies
the node-1 of it.

The node-1 that received the notification enters in a state 1n
which switching to a backup path 1s inhibited, so the node-1
does not perform switching to a backup path even when
tailure of a working path occurs. When the path 2 1s deleted so
that resource exhaustion 1s eliminated, the node-1 that 1s the
start point node 1s notified of 1t and releases the switch stop
state.

Embodiment of a Program

Processing on message sending and receiving executed by
the communication node apparatus in the embodiments
described so far 1s executed by the switching HW control
function unit 25 shown 1n FIG. 3. The switching HW control
function unit 25 may be realized either by a hardware circuit
or by installing a program for realizing the processing into a
general information processing apparatus such as a computer
having a CPU and a storage device and the like.

In addition, the resource reuse availability information
issuing apparatus 101 may be realized either by a hardware
circuit or by installing a program for realizing the processing
described 1n embodiments into a general information pro-
cessing apparatus such as a computer.

The program of the present embodiment 1s recorded 1n
recording medium so that the general information processing
apparatus can 1install the program using the recording
medium. Or, the program of the present embodiment can be
also directly installed 1n the general information processing
apparatus from a server holding the program of the present
embodiment via a network.

The program of the present embodiment includes not only
a program that can be directly executed by the general infor-
mation processing apparatus but also a program that becomes
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executable by being installed into a hard disk and the like. In
addition, the program includes one that 1s compressed or

encrypted.

Summary of Embodiments

In the path establishment procedure shown in the first to
tenth embodiments, execution order of the two processes of
the message sending process and the update process for the
resource iformation data 1s not limited to that example, and
it 1s also possible to adopt a procedure for sending the mes-
sage alter updating the resource information data.

In addition, other messages exchanged between commu-
nication node apparatuses such as a setting change message
can be substituted for the failure occurrence or elimination
notification message and resource reuse occurrence or disso-
lution notification message described in the first to tenth
embodiments. For example, Refresh message, Notily mes-
sage and Path_Err message of RSVP-TE are examples of the
other messages.

In addition, path ID 1n the first to eleventh embodiment 1s
not necessarily a numeric value, and 1t may be a character
string that can 1dentify a path, or a specific bit series of a
control message. And, path 1D may be 1n a predetermined
range of a numerical value.

In addition, group ID 1n the first to eleventh embodiment 1s
not necessarily a numeric value, and 1t may be a character
string that can identily a path, or a specific bit series of a
control message. And, the group ID may be a feature that can
substantially perform grouping (value of specific bits, data
length of message, format of message, data that 1s processed
within a specific time). And, group 1D may be 1n a predeter-
mined range ol a numerical value.

In addition, the communication network for carrying out
the first to eleventh embodiments 1s not limited to the com-
munication network based on the optical cross connect switch
57 shown in FI1G. 7. For example, the present invention can be
also applied to a network 1n which optical cross connect
switch 57 and the IP router 58 are connected shown in FIG.
65.

In addition, 1n a communication network in which routers
are connects as shown 1n FIG. 66, the control message trans-
fer link and the data transfer link can be operated as a same
physical link.

In addition, the present imnvention can be also applied to a
communication network i which the centralized manage-
ment apparatus 200 for managing a plurality of communica-
tion node apparatuses 1s provided as shown 1n FIG. 67. The
centralized managements apparatus 200 corresponds to an
accommodation design engine for performing route calcula-
tion, PCE (Path Computation element), or a resource man-
agement and scheduling server or the like.

In addition, as shown 1n FIG. 68, the present invention can
be applied to a multi-domain network or a multi-carrier net-
work for connecting two different management domains.

In addition, as shown 1n FI1G. 69, the present invention can
be applied to a ring network 1n which ROADMSs (Reconfig-
urable Optical Add Drop Multiplexer) are connected.

In addition, as shown 1n FIG. 70, the present invention can
be also applied to a communication network for establishing
a path using a signaling protocol sent from a PC connected to
communication node apparatuses.

Resources 1n the first to eleventh embodiments are not
limited to wavelengths of the optical cross connect switch and
the ROADM and the like. The resources may be fibers, IFs, or
ports of an IP router, a TDM switch, or L2 switch or the like,
or may be switching capacity of an IP router or a L2 switch,
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or timeslots of a TDM switch, or may be wavelength bands 1n
which wavelengths of the optical cross connect switch are
grouped.

In addition, resources are not limited to resources currently
being used. It 1s possible to regard future resource use author-
ity as resources 1n a scheduling table 1n which reservation 1s
performed and management 1s performed by a scheduler, and
to apply the present resource reuse function to the future
resource use authority.

According to the configuration of the above-mentioned
embodiments, 1t becomes possible to efficiently utilize com-
munication network resources and to perform flexible opera-
tion with small load. Thus, equipment cost and operation cost
for the communication network can be reduced.

More particularly, when necessary resources are decreased
by reusing resources, the number of interfaces of routers and
optical cross connect switches can be reduced, which leads to
large reduction of equipment cost. In addition, since it
becomes possible to operate paths with fewer resources,
redundant configuration can be easily adopted, so that reli-
ability improves.

In addition, automatic path switch processing 1s realized
using mechanisms for detection or notification of failure
occurrence or elimination, for notification of resource reuse
occurrence or dissolution, and for storing setting information
of switching hardware 1n software. Thus, operation cost can
be reduced.

As described 1n the patent documents 1-3 and the like, there
are many conventional technmiques adopting concepts of
resource reuse, preemption, and priority. But, there 1s no
conventional technique having the function for performing
resource reuse 1n an autonomous and distributed manner by
using identification information 1 units of paths and by
exchange information on the resource reuse among a plurality
ol apparatuses.

INDUSTRIAL APPLICABILITY

According to embodiments of the present imnvention, i1t
becomes possible to utilize communication resources eifi-
ciently, and amount of apparatus or equipment necessary for
path operation can be reduced. Thus, the embodiments can
contribute to eflicient network operation for network opera-
tors. In addition, the embodiments can contribute to improve-
ment of service quality for network users.

The present invention 1s not limited to the specifically
disclosed embodiments, and variations and modifications
may be made without departing from the scope of the present
invention.

The present international application claims priority based
on Japanese patent application No. 2006-274592, filed 1n the
JPO on Oct. 6, 2006 and the entire contents of the Japanese

patent application No. 2006-274592 is incorporated herein by
reference.

The mvention claimed 1s:

1. A communication node apparatus for establishing a path
for communication 1n a communication network by exchang-
ing a control message between the communication node
apparatus and another communication node apparatus and by
setting switching information, comprising:

a first unit configured to include, 1nto a control message to
be sent to the other communication node apparatus for
establishing a path, path identification information or
group 1dentification information of a path for which
reusing resources of the path to be established 1s permut-
ted or inhibited, or to include, 1into the control message,
path 1dentification information or group identification
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information of a path from which resources can be
reused by the path to be established, and to send the
control message,

wherein the other communication node apparatus that
receives the control message from the communication
node apparatus stores information imncluded 1n the con-
trol message 1n a resource reuse availability information
table as reuse availability information, and

when the other communication node apparatus recetves a
control message from the communication node appara-
tus for establishing a new path, including path 1dentifi-
cation information of a path from which resources can
be reused or group 1dentification information of a group
from which resources can be reused, the other commu-
nication node apparatus retrieves reuse availability
information corresponding to the path identification
information or the group 1dentification information from
the resource reuse availability information table to deter-
mine resource reuse availability by determining whether
the reuse availability information includes the new path
or a group to which the new path belongs as a path or a
group permitted to reuse resources, and when 1t 1s deter-
mined that reuse of the resources 1s permitted, the other
communication node apparatus reuses and assigns
resources ol the path from which resources can be
reused as resources for establishing the new path, and to
establish the new path.

2. The communication node apparatus as claimed 1n claim

1, further comprising;:

a second unit configured to include, 1into the control mes-
sage for changing information on a path, 1in addition to
the path identification information of the path, path iden-
tification or group 1dentification information of a new
path for which reusing resources assigned to the path 1s
permitted or inhibited, new group i1dentification infor-
mation of the path, or new priority information of the
path, and to send the control message.

3. The communication node apparatus as claimed 1n claim

1, further comprising;:

a detecting unit configured to detect an occurrence or a
dissolution state of resource reuse of an established path
or to detect a failure occurrence or a failure elimination
state for the established path; and

a changing unit configured, being triggered by detection of
the occurrence or the dissolution state of resource reuse
of the established path or detection of the failure occur-
rence or the failure elimination state of the established
path, to change priority information of the path set 1n the
communication node apparatus, and include changed
priority information of the path, 1n addition to path iden-
tification information of the path, into the control mes-
sage to be transmitted to the other communication node
apparatus, and to send the control message.

4. A communication node apparatus for establishing a path
for communication 1n a communication network by exchang-
ing a control message between the communication node
apparatus and another communication node apparatus and by
setting switching information, comprising:

a unit configured to include, mto a control message to be
sent to the other communication node apparatus for
establishing a path, path identification information or
group 1dentification information of a path for which
reusing resources of the path to be established 1s permit-
ted or inhibited, or to include, 1into the control message,
path 1dentification information or group identification
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information of a path from which resources can be
reused by the path to be established, and to send the
control message,

wherein, when reuse of resources occurs, the communica-
tion node apparatus holds setting information of the path
from which the resources have been reused; and

a sending unit configured to, when receiving a control
message reporting dissolution of reuse state of the path
from which the resources have been reused, send a con-
trol message including the held setting information of
the path to the other communication node in order to
re-assign the resources to a new path before the
resources are reused.

5. A communication node apparatus for establishing a path
for communication 1n a communication network by exchang-
ing a control message between the communication node
apparatus and another communication node apparatus and by
setting switching information, comprising:

a unit configured to include, 1nto a control message to be
sent to the other communication node apparatus for
establishing a path, path identification information or
group 1dentification mformation of a path for which
reusing resources of the path to be established 1s permut-
ted or inhibited, or to include, 1into the control message,
path 1dentification information or group identification
information of a path from which resources can be
reused by the path to be established, and to send the
control message,

wherein a working path and a backup path are provided;

a switch control unit configured to, when the working path
fails while the working path 1s 1n operation, switch the
working path to the backup path; and

a notifying unit configured to notily the switch control unit
of failure occurrence or failure elimination of a control
link on the backup path to be used when the working
path fails while the working path 1s 1n operation or to
notily the switch control unit of exhaustion occurrence
or exhaustion elimination of resources of the backup
path.

6. The communication node apparatus as claimed 1n claim

5, wherein, when detecting failure occurrence of the control
link on the backup path based on notification information of
the notifying unit, the switch control unit inhibits switching to
the backup path even when the working path fails.

7. A communication node apparatus for establishing a path
for communication 1n a communication network by exchang-
ing a control message between the communication node
apparatus and another communication node apparatus and
setting switching information, comprising:

a first unit configured to receive a control message from the
other communication apparatus for establishing a path,
and storing, into a resource reuse availability informa-
tion table, path identification information or group i1den-
tification information of a path for which reusing
resources of the path to be established 1s permitted or
inhibited, or path identification information or group
identification 1nformation of a path from which
resources can be reused by the path to be established,
which are included 1n the control message;

a second unit configured to receive a control message, for
establishing a new path, including path i1dentification
information of a path from which resources can be
reused or group identification information of a group
from which resources can be reused, and retrieve reuse
availability information corresponding to the path 1den-
tification mformation or the group identification nfor-
mation from the resource reuse availability information




US 7,961,644 B2

41

table to determine resource reuse availability by deter-
mining whether the reuse availability information
includes the new path or a group to which the new path
belongs as a path or a group permitted to reuse resources;
and

a reuse unit configured, when 1t 1s determined that reuse of
the resources 1s permitted, to reuse and assign resources
of the path from which resources can be reused as
resources for establishing the new path, and to establish
the new path.

8. The communication node apparatus as claimed 1n claim

7, further comprising:

a rewriting unit configured to rewrite information in the
resource reuse availability information table based on
information included 1n the control message for chang-
ing information on the path,

wherein the mnformation included in the control message
for changing the information on the path includes, 1n
addition to the path identification information of the
path, path identification or group identification informa-
tion of a new path for which reusing resources assigned
to the path 1s permitted or inhibited, new group 1dentifi-
cation information of the path, or new priority informa-
tion of the path.

9. The communication node apparatus as claimed 1n claim

7, further comprising;:

a sending unit configured to, when resource reuse occurs,
send path identification information of a path from
which resources have been reused and send information
on a path including path identification information of the
path that has reused the resources to a communication
node apparatus that s a start point o the path from which
resources have been reused or to a monitoring apparatus.

10. A communication node apparatus for establishing a

path for communication in a communication network by
exchanging a control message between the communication
node apparatus and another communication node apparatus
and setting switching information, comprising:

a unit configured to receive a control message from the
other communication apparatus for establishing a path,
and storing, into a resource reuse availability informa-
tion table, path identification information or group 1den-
tification information of a path for which reusing
resources ol the path to be established 1s permitted or
inhibited, or path identification information or group
identification information of a path from which
resources can be reused by the path to be established,
which are included 1n the control message,

wherein, when reuse of resources occurs, the communica-
tion node apparatus holds switching information set for
configuring a path from which the resources have been
reused; and

an 1dentifying unit configured to, when detecting dissolu-
tion of reuse state of the path from which the resources
have been reused, identily another communication node
apparatus on a route of the path from which the resources
have been reused based on the held switching informa-
tion so as to send the control message to the other com-
munication node apparatus for notifying the other com-
munication node apparatus of dissolution of reuse state.

11. A communication node apparatus for establishing a

path for communication in a communication network by
exchanging a control message between the communication
node apparatus and another communication node apparatus
and setting switching information, comprising:

a unit configured to receive a control message from the
other communication apparatus for establishing a path,
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and storing, 1into a resource reuse availability informa-
tion table, path identification information or group i1den-
tification information of a path for which reusing
resources of the path to be established 1s permitted or
inhibited, or path identification information or group
identification information of a path from which
resources can be reused by the path to be established,
which are included in the control message,

wherein, when reuse of resources occurs, the communica-
tion node apparatus holds setting information of a path
from which the resources have been reused; and

a sending unit configured to, when receitving a control
message reporting dissolution of reuse state of the path
from which the resources have been reused, send a con-
trol message including the held setting information of
the path to the other communication node in order to
re-assign the resources to a new path before the
resources are reused.

12. The communication node apparatus as claimed 1n any
one of claims 7-11, wherein a working path and a backup path
are provided, the communication node apparatus further
comprising;

a switch control unit configured to, when the working path
fails while the working path 1s 1n operation, switch the
working path to the backup path; and

a notifying unit configured to notify the switch control unit
of failure occurrence or failure elimination of a control
link on the backup path used when the working path fails
while the working path 1s 1n operation or to notify the
switch control unit of exhaustion occurrence or exhaus-
tion elimination of resources of the backup path.

13. A communication node apparatus, for establishing a
path for communication in a communication network by
exchanging a control message between the communication
node apparatus and another communication node apparatus
and setting switching information, comprising:

a unit configured to receive a control message from the
other communication apparatus for establishing a path,
and storing, 1into a resource reuse availability informa-
tion table, path identification information or group 1den-
tification information of a path for which reusing
resources of the path to be established 1s permitted or
inhibited, or path identification information or group
identification information of a path from which
resources can be reused by the path to be established,
which are included 1n the control message,

wherein a working path and a backup path are provided;

a switch control unit configured to, when the working path
fails while the working path 1s 1n operation, switch the
working path to the backup path; and

a notifying unit configured to notily the switch control unit
of failure occurrence or failure elimination of a control
link on the backup path used when the working path fails
while the working path 1s 1n operation or to notity the
switch control unit of exhaustion occurrence or exhaus-
tion elimination of resources of the backup path,

wherein, when detecting failure occurrence of the control
link on the backup path based on notification informa-
tion from the notifying umt, the switch control umt
inhibits switching to the backup path even when the
working path fails.

14. A communication node apparatus for establishing a
path for communication in a communication network by
exchanging a control message between the communication
node apparatus and another communication node apparatus,
advertising resource imformation of the communication node
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apparatus to the other communication node apparatus and
setting switching information, comprising;

amanaging unit configured to manage resource amount for
cach of path i1dentification information and group 1den-
tification information for resources assigned to paths;
and

an adding unit configured to, when advertising information
of the resource amount managed by the managing unit
configured to manage using a routing protocol, add ID
information and group ID information of a path to which
the resources are assigned and 1dentification information
of a path or a group that can use or cannot use the
resources to the information of the resource amount to
be advertised, and to include the information into a con-
trol message or a resource advertising message of the
routing protocol so as to advertise information of
resources.

15. The communication node apparatus as claimed in claim

14, further comprising;

a route calculation unit configured to calculate a route of a
detour path when a path fails, wherein the route calcu-
lation unit performs route calculation by using, as a
parameter, necessary resource reduction effect obtained
by resource reuse of a normal section of the failed path.

16. A non-transitory computer readable storage medium

having stored thereon a computer program that includes
instructions which when executed on a communication node
apparatus for establishing a path for communication 1n a
communication network by exchanging a control message
between the communication node apparatus and another
communication node apparatus and by setting switching
information, causes the communication node apparatus to
perform a method comprising:

including, mto a control message to be sent to the other
communication node for establishing a path, path 1den-
tification information or group identification informa-
tion of a path for which reusing resources of the path to
be established 1s permitted or inhibited, or to include,
into the control message, path identification information
or group 1dentification information of a path from which
resources can be reused by the path to be established,
and to send the control message,

wherein the other communication node apparatus that
receives the control message from the communication
node apparatus stores information included 1n the con-
trol message 1n a resource reuse availability information
table as reuse availability information, and

when the other communication node apparatus receives a
control message from the communication node appara-
tus for establishing a new path, including path 1dentifi-
cation information of a path from which resources can
be reused or group 1dentification information of a group
from which resources can be reused, the other commu-
nication node apparatus retrieves reuse availability
information corresponding to the path identification
information or the group 1dentification information from
the resource reuse availability information table to deter-
mine resource reuse availability by determining whether
the reuse availability information includes the new path
or a group to which the new path belongs as a path or a
group permitted to reuse resources, and when 1t 1s deter-
mined that reuse of the resources 1s permitted, the other
communication node apparatus reuses and assigns
resources ol the path from which resources can be
reused as resources for establishing the new path, and to
establish the new path.
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17. A non-transitory computer readable storage medium
having stored thereon a computer program that includes
instructions which when executed on a communication node
apparatus for establishing a path for communication 1n a
communication network by exchanging a control message
between the communication node apparatus and another
communication node apparatus and by setting switching
information causes the communication node apparatus to
perform a method comprising:

recerving a control message from the other communication

apparatus for establishing a path, and storing, into a
resource reuse availability information table, path 1den-
tification information or group identification informa-
tion of a path for which reusing resources of the path to
be established 1s permitted or inhibited, or path 1dentifi-
cation mformation or group identification information
of a path from which resources can be reused by the path
to be established, which are included 1n the control mes-
sage;

receving a control message, for establishing a new path,

including path identification information of a path from
which resources can be reused or group identification
information of a group ifrom which resources can be
reused, and retrieve reuse availability information cor-
responding to the path 1dentification information or the
group 1dentification information from the resource reuse
availability information table to determine resource
reuse availability by determining whether the reuse
availability information includes the new path or a group
to which the new path belongs as a path or a group
permitted to reuse resources; and

when 1t 1s determined that reuse of the resources 1s permit-

ted, reusing and assigning resources of the retrieved path
as resources for establishing a new path.

18. A non-transitory computer readable storage medium
having stored thereon a computer program that includes
instructions which when executed on a communication node
apparatus for establishing a path for communication 1n a
communication network by exchanging a control message
between the communication node apparatus and another
communication node apparatus, advertising resource infor-
mation of the communication node apparatus to the other
communication node apparatus and setting switching infor-
mation causes the communication node apparatus to perform
a method comprising;:

managing resource amount for each of path 1dentification

information and group identification information for
resources assigned to paths; and

adding, when advertising information of the resource

amount managed by the step of managing using a rout-
ing protocol, ID information and group ID information
of a path to which the resources are assigned and 1den-
tification information of a path or a group that can use or
cannot use the resources to the information of the
resource amount to be advertised, and to include the
information into a control message or a resource adver-
t1sing message of the routing protocol so as to advertise
information of resources.

19. A communication system comprising a first communi-
cation node apparatus and a second communication node
apparatus exchanging a control message between them to set
switching information for establishing a path for communi-
cation 1n a communication network,

the first communication node apparatus comprising:

a first unit configured to include, 1nto a control message to

be sent to the second communication node apparatus for
establishing a path, path identification information or
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group 1dentification information of a path for which
reusing resources of the path to be established 1s permit-
ted or inhibited, or to include, 1into the control message,
path i1dentification information or group identification
information of a path from which resources can be
reused by the path to be established, and to send the
control message,

the second communication node apparatus comprising:

a second unit configured to store information included in
the control message received from the first communica-
tion node apparatus 1n aresource reuse availability infor-
mation table as reuse availability information;

a third unit configured to receive a control message from
the first communication node apparatus, for establishing
a new path, including path 1dentification information of
a path from which resources can be reused or group
identification information of a group from which
resources can be reused, and retrieve reuse availability
information corresponding to the path identification
information or the group 1dentification information from
the resource reuse availability information table to deter-
mine resource reuse availability by determining whether
the reuse availability information includes the new path
or a group to which the new path belongs as a path or a
group permitted to reuse resources; and

a fourth unit configured, when 1t 1s determined that reuse of
the resources 1s permitted, to reuse and assign resources
of the path from which resources can be reused as
resources for establishing the new path, and to establish
the new path.

20. A communication system comprising a first communi-
cation node apparatus and a second communication node
apparatus in which resource information of a communication
node apparatus 1s advertised to another communication node
to set switching information for establishing a path for com-
munication 1n a communication network,

the first communication node apparatus comprising;:

a first unit configured to manage resource amount for each
of path 1dentification information and group identifica-
tion information for resources assigned to paths; and

a second unit configured to, when advertising information
of the resource amount managed by the first unit config-
ured to manage using a routing protocol, add path 1den-
tification mformation and group 1dentification informa-
tion of a path to which the resources are assigned and
identification imnformation of a path or a group that is
permitted to reuse or 1s prohibited to reuse the resources
to the information of the resource amount to be adver-
tised, and to include the information into a control mes-
sage or a resource advertising message of the routing
protocol so as to advertise information of resources,

the second communication node apparatus comprising:

a third umt configured to store the information of the
resources advertised by the first communication node
apparatus 1n a resource reuse availability information
table as reuse availability information;

a Tourth unit configured to recetve a control message from
the first communication node apparatus, for establishing
a new path, including path 1dentification information of
a path from which resources can be reused or group
identification information of a group from which
resources can be reused, and retrieve reuse availability
information corresponding to the path identification
information or the group 1dentification information from
the resource reuse availability information table to deter-
mine resource reuse availability by determining whether
the reuse availability information includes the new path
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or a group to which the new path belongs as a path or a
group permitted to reuse resources; and

a fifth unit configured, when 1t 1s determined that reuse of

the resources 1s permitted, to reuse and assign resources
of the path from which resources can be reused as
resources for establishing the new path, and to establish
the new path.

21. A communication method, implemented on a commu-
nication system comprising a first communication node appa-
ratus and a second communication node apparatus exchang-
ing a control message between them to set switching
information for establishing a path for communication in a
communication network, comprising;

including 1nto a control message to be sent to the second

communication node apparatus for establishing a path,
at the first communication node apparatus, path identi-
fication information or group identification information
of a path for which reusing resources of the path to be
established 1s permitted or inhibited, or to include, into
the control message, path i1dentification information or
group 1dentification information of a path from which
resources can be reused by the path to be established,
and to send the control message,

storing, at the second communication node apparatus,

information included in the control message recerved
from the first communication node apparatus 1n a
resource reuse availability information table as reuse
availability information;

recerving, at the second communication node apparatus, a

control message from the first communication node
apparatus, for establishing a new path, including path
identification information of a path from which
resources can be reused or group 1dentification informa-
tion of a group from which resources can be reused, and
retrieving reuse availability information corresponding
to the path 1dentification information or the group 1den-
tification information from the resource reuse availabil-
ity information table to determine resource reuse avail-
ability by determining whether the reuse availability
information includes the new path or a group to which
the new path belongs as a path or a group permitted to
reuse resources; and

reusing and assigning, at the second communication node

apparatus, when 1t 1s determined that reuse of the
resources 1s permitted, resources of the path from which
resources can be reused as resources for establishing the
new path, and establishing the new path.

22. A communication method, implemented on a commu-
nication system comprising a first communication node appa-
ratus and a second communication node apparatus in which
resource information of a communication node apparatus 1s
advertised to another communication node to set switching
information for establishing a path for communication in a
communication network, comprising;

managing, at the first communication node apparatus,

resource amount for each of path identification informa-
tion and group identification imnformation for resources
assigned to paths;

adding, at the first communication node apparatus, when

advertising information of the resource amount man-
aged by the first unit configured to manage using a
routing protocol, path identification information and
group 1dentification information of a path to which the
resources are assigned and 1dentification information of
a path or a group that 1s permitted to reuse or 1s prohib-
ited to reuse the resources to the mmformation of the
resource amount to be advertised, and including the
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information into a control message or a resource adver-
t1sing message of the routing protocol so as to advertise
information of resources,

storing, at the second communication node apparatus, the
information of the resources advertised by the first com-
munication node apparatus 1n a resource reuse availabil-
ity information table as reuse availability information;

receiving, at the second communication node apparatus, a
control message from the first communication node
apparatus, for establishing a new path, including path
identification information of a path from which
resources can be reused or group 1dentification informa-
tion of a group from which resources can be reused, and
retrieving reuse availability information corresponding

10
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to the path 1dentification information or the group 1den-
tification information from the resource reuse availabil-
ity information table to determine resource reuse avail-
ability by determining whether the reuse availability
information includes the new path or a group to which

the new path belongs as a path or a group permitted to
reuse resources; and

reusing and assigning, at the second communication node

apparatus, when 1t 1s determined that reuse of the
resources 1s permitted, resources of the path from which
resources can be reused as resources for establishing the
new path, and establishing the new path.
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